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The exciting new Sky-Watcher SynScan™ Alt-Azimuth GoTo Mount is a Precision Engineered Instrument that will allow you to Easily Find 
and enjoy viewing Night Sky Treasures, such as Planets, Nebulae, Star Clusters, Galaxies and much more. The SynScan™ AZ hand control 
allows you to point your telescope at a specific object, or even Tour the Night Sky at the touch of a button!! The User-Friendly menu system allows 
automatic slewing to over 42,900+ objects. Even an inexperienced astronomer can master its variety of features in a few observing sessions. 
Combined with telescope OTA’s of proven High Quality, these Superb Packages are all you need to Explore the Universe to your Heart’s Content!! 





130MM (5.1") F/650 COMPUTERISED Prod.Code: 10211 
Prod.Code: 10209 PARABOLIC NEWTONIAN REFLECTOR (left) Fantastic performance from this highly capable 
all-rounder. Its precision Parabolic primary mirror captures 30% more precious starlight SRP 
than a 114mm reflector for bright, sharp, contrasty views of a wide range of night sky 
objects. Supplied with 10mm & 25mm Eyepieces and 6x30 Finderscope £439 
- = 


ht, diffraction-limited image: \ 


Ade Ashford, www.scopetest.com / 





127MM (5") F/1500 COMPUTERISED 
MAKSUTOV-CASSEGRAIN (right) A larger version of the Skymax-102 providing a massive 55% more light- 
gathering power and packing an even more powerful punch than its smaller cousin for medium-to-high 
power work. Supplied with 10mm & 25mm Eyepieces, 90° Star Diagonal and 6x30 Finderscope. 
‘ to produce richly») 





Ade Ashford, www.scopetest.com 
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102MM (4") F/500 
COMPUTERISED REFRACTOR (below) ideal multi-coated instrument for the wide-field 
observation of Deep-Sky objects, such as Nebulae, Star Fields & Clusters and galaxies. 
A useful telescope for astrophotography and also for daytime terrestrial use. Supplied 
with 10mm & 20mm Eyepieces, 45° Erect Image Diagonal and 6x30 Finderscope 


equally delivering widefield 
Ade Ashford, www.scopetest com _/ 





414MM (4.5") F/S00 Prod.Code: 10207 102MM (4") F/1300 COMPUTERISED 
COMPUTERISED PARABOLIC MAKSUTOV-CASSEGRAIN (right) 
NEWTONIAN REFLECTOR (left) This compact telescope, with it's high-resolution 
This telescope with its superb parabolic multi-coated optical system, excels at 
optics provides @xcollent alf-round medium-to-high-powers for the examination 
performance for both the observation of of the Suriace Geta ot Ste aaa ees Prod.Code: 
the Moon & Planets and Deep-Sky and also for double-star observations, 40210 
objects. Supplied with 10mm & 25mm Also useful for terrestrial use. Supplied 


a ith 10mm & 25mm Eyepieces, 90° Star 
jeces and 6x24 lerscope. 7 
Eyepieces and 6x24 Finderscop Diagonal and 6x30 Finderscope 


BBC Sky At Night Magazine 
SEE eS a ’ ‘ af \ 
* SynScan™ Database: Total 42,900+ Objects, including Complete M, NGC, IC & SAO Catalogues * Alignment Method: Two-star or Brightest star.alignment 
* Pointing Accuracy Enhancement (PAE) feature * Unknown Object Indentification feature * Pointing Accuracy up to 10 arcmin ® Tracking Mode: Dual, Axis Tracking 
* Tracking Rates: Sidereal, Lunar, Solar »* Slewing Speeds: 1.0x, 2.0x, 16x, 32x, 64x, 128x, 400x, 500x, 600x, 800x * Quiet Operation 
* Motor Type & Resolution: OC Servo Motors. Resolution 0.8923 arc sec or 1,452,425 steps/rev »* PC Compatible: can be used with popular Planetarium Software. 
© SynScan Handset Firmware upgradeable via the Internet * Power Requirement: 12v DC Power Supply (Tip Positive) or AA Batteries (not supplied) 


These portable 
1 have used a great number 12v rechargeable power supplies are highly 
of telescopes; some are good. recommended for use with all SynScan™ mounts. 
some mediocre and some 


bad. To me the Sky-Watcher " - 
range of instruments are very COMPREHENSIVE COLOUR CATALOGUE with Full Details of our 


good indeed, & suited to EXTENSIVE PRODUCT RANGE as well as Helpful Information & Advice 
amateurs of all kinds — and 

they are not priced out of the Order Your FREE Copy Today 

market! Excellent value. 


Use them and enjoy them.” 
Sir Patrick Moore CBE FRS 7Ah Power Tank 17Ah Power Tank 


(1923-2012) Product Code: 20153 Product Code: 20154 


Our Products are Available from Dealers throughout the UK Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD OPTICAL VISION LIMITED Importers and Distributors of Sky-Watcher 


UNIT 3, WOOLPIT BUSINESS PARK = PEA Astronomical Telescopes, Helios, Acuter, 
WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 


SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 
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With Stargazing Live back on our 
screens this month, we caught up 
with one of the show's producers 


. Discover the wonders of the universe 


We've been 

scanning the 

skies using radio 

telescopes for 

decades with the 

hope of receiving 
that signal that could provide us with 
the evidence that we're not alone in 
the universe. In our efforts to find life 
beyond our solar neighbourhood, it's 
been easy to forget to look in our own 
back garden, completely neglecting 
our Solar System in the search. 

Of course, we are not holding out 
any hope of finding life that we would 
deem as intelligent - we're just looking 
for that organism capable of surviving 
the harsh conditions - whether it's 
searingly hot or teeth-chatteringly 
cold - on another world in orbit 
around the Sun. As you'll find this 
issue, scientists have selected quite 
a few candidates that could fit the 
bill for past or present life such as 
Mars and Venus, as well as the frozen 
and ocean-bearing moons of Jupiter, 
Saturn and Neptune. We meet the 
scientists, as well as the missions - 


Keep uptodate 


www.spaceanswers.com 


which includes this year’s and 2018's 
ExoMars - hunting for signatures of 
life in our Solar System. We also took 
a look into the far-flung future to what 
will happen when our Sun evolves 
into a red giant. According to planetary 
scientists, Titan will be our next home 
as the habitability zone shifts - that's if 
we're still here when the time comes. 
If you're a fan of observing the night 
sky like me, you're probably getting 
ready to tune into Stargazing Live. 
We caught up with one of the show‘ 
producers to find out what happens 
behind the scenes with Brian Co 
Dara O'Briain. Speaking of stargazing, 
you'll notice that we've improved our 
observing section, providing a more 
in-depth guide to the planets, Moon 
and deep-sky objects, as well as 
tutorials to help you to improve your 
techniques. Enjoy the issue! 
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@ Arewealone inthe Solar 
‘ = the missions that are 
seeking the answer to the 
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the scientists and exposes 
ultimate question, this issue. 
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construction for the first 
commercial space planes 
well underway, Robin 
reveals what to expect if 
you purchased a ticket for a space flight. 
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“The curse of 
filmmaking 
often involves 
lots of different 
takes and 
retakes from 
different angles 
- Brian [Cox 
isn't the biggest 
fan of this! 


Keaton Stone, producer on 
Stargazing Live[page 72] 
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Stunning images 

of Pluto, alien 
life on twin exoplanets 
and the mystery of 
Ceres’ bright spots are 
solved this issue 


FEATURES 
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When an evolved Sun scorches Cat's Eye Nebula 
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It's hailed as NASA's premier tide into space 
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in the galaxy 
Our pick of the Sun's wackiest Interstellar 


and weirdest cousins in the 


Milky Way space ark 
Discover the plans to make a 


living interior for a starship 
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It's been 45 years since three the Solar System? S ace lanes 

men played golf on the lunar In our continuing quest to find p Pp 

surface. We revisit the iconic alien life, could our own 
Moon landing neighbourhood have the answer? 
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‘Tt feels fantastic to have been 
involved in something that's 
~ made a real impact in the real 
gd world off-screen” 


Keaton Stone 
Producer, Stargazing Live 





Heroes of Space 
Jeffrey Hoffman, saver of the 
Hubble Space Telescope 


SP Ss Ce 


Your questions 
6 6 Brevcica 


Our experts solve your space 
conundrums this issue 





ne 
STARGAZER 


Your complete guide to the 
night sky 


What's in the sky? 


Our pick of the must-see night sky 
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Make tracking and imaging easy 

with our quick tutorial 
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Turn your telescope to Orion for 
our tour of the constellation’s 
spectacular nebulae 
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This collection of Soyuz spacecraft pressure suits floating 
around was taken by German astronaut, geophysicist, 
volcanologist and explorer Alexander Gerst on board the 
International Space Station during his six-month, long- 
duration Blue Dot mission to test human spaceflight. He 
posted it on Twitter with the words: “Space suit salad" 
and, surprisingly, the image only attracted 204 Twitter 
Likes. Oh well. At least those on board the ISS have been 
able to enjoy some real salad of late. In August 2015, ISS. 
astronauts became the first to try space-grown food. They 
munched on fresh vegetables, including Red Romaine 
lettuce, with proponents of the experiment saying that 
Space-gardening helped to de-stress the astronauts, while 
providing nutritious food for crew members. Growing 

food will also make spacecrafts more self-sustaining. 3 
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Ablazing ~ 
fireball 

At first glance, you see a fiery mass 

and along meteor trail blazing its way 

between the Orion Nebula and star 

Rigel. But look a bit more closely at - 
this image by astrophotographer Ivo Pe . * 
Scheggia, and you can see flashes of 

smoke-like orange light. Astronomers 

call this a persistent train and it is 

caused when the meteoroid ionises 

the gases in its path, removing 

electrons from their parent atoms. is 

Light is emitted when the electrons* | - 

and atoms recombine, which results * 

in a driftingtrail. This creates an : 

exquisite pattern, especially when 

- as in this case - itis captured ona 

three-minute'long exposure. 
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Galaxy cluster 
° + B1a~ 

a cosmic web 

Galaxy clusters consist of hundreds to thousands of galaxies, 

which are held together by gravity in a cosmic web made up 

* of filaments and knots of matter. The four galaxy clusters in 

this simulated image not only show - to the left - how galaxy 

clusters can begin to merge, but it also shows how they can be . 
dense in parts (note the brighter colours of orange to yellow and 
green). According to the European Space Agency, the portion 
of the cosmic web in this image - taken by Klaus Dolag from the 
University Observatory at the Ludwig Maximilian University of 
Munich - spans about 260 milliongight years across. 
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JBibireyspareyAaiel 
wonderland 


Taken 17,000 kilometres (10,563 
miles) from the surface of Pluto by 
the New Horizons probe, this is the 
highest resolution image of t 
planet that has ever be 
Breathtakingly sharp at 

metres (262 foot) per pir is one 
series of photos captured by the 
telescopic Long Range Reconnaissai 
Imager. The image was taken 15 
before New Horizons’ closest approach. 
The photos display an 80-kilometre at 
(50-mile) wide strip across the nitrogen- 
rich ices of the informally named 8 
Sputnik Planum, the al-Idrisi mountains 
and the flat icy plains of the Tombaugh - 
Regio. Here, you can clearly see cellular 
boundaries and Pluto's textured surface 
and mountainsides, with some faces — 
showing crustal layering. It’s an amazing 
look at Pluto's geology, which will not 
be bettered until another mission to the 
dwarf planet is launched. 
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” combine to give the same capacity as a 
- 16.4-metre (53.8-foot) diameter instrument. 


_ ‘The beam you can see being emitted is the — 

- Laser Guide Stars Facility, which energises Ses Ae 
-alayer of sodium atoms inthe atmosphere, - 
“producing a reference spot in the night sky. This: 
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Large Telescope is located on Cerro Paranal, 

a mountain in Chile. It is comprised of four... .. | 
8.2-metre (26.9-foot) unit telescopesknown RS Tr . 
as Yepun, Antu, Kueyen and Melipal, which i BRET fs Seta 














Pictured is Yepun, standing beneath part of the ' ek a 
Milky Way and alongside a smaller, auxiliary . * 
telescope with a 1.8-metre (5.9-foot) diameter. ~~~ 








isan adaptive optic system that allows for the - 
correction of atmospheric distortion of light, _ 
pies ies the Sersonrmass of Clear i images. 
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LISA waves 
rXeree lie 


Vega VVO6 launched into space from Europe's 
Spaceport in French Guiana in December, carrying the 
potentially ground-breaking LISA Pathfinder, which 
seeks to test technology that will, one day, be able to 
detect waves of gravity. As it stands, astronomers have 
never directly seen a gravitational wave; that is, the 
ripples in space and time produced by the acceleration 
of massive bodies. But, these waves are a fundamental 
prediction of Albert Einstein's 100-year-old theory of 
general relativity and there is a determination to prove 
their existence. By putting an identical pair of gold- 
platinum cubes into near-perfect gravitational free-fall 
at 38 centimetres (15 inches) apart, LISA Pathfinder 
will seek to accurately measure their motion and 
positions in relation to each other. 
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Mystery behind 
Ceres’ bri 
finally solved 


Further studies suggest the celestial object located between 
Mars and Jupiter may be mainly ammonia in composition 


Data captured by NASA's Dawn 
spacecraft has shed new light on both 
the mysterious bright spots scattered 


across the surface of icy Ceres and the 


dwarf planet's potential origin. 

The cause of the many bright spots 
has been fascinating astronomers 
the world over for months. Over 
130 individual bright areas have 
been identified by Dawn so far and 
researchers, led by Andreas Nathues 


identified as ‘hexahydrite’. 

Using data from Dawn's onboard 
framing camera, Nathues and 
the team suggest these salt-rich 
locations were the product of ice- 
water sublimation, a process where 
water is transformed into vapour, 
creating a surface reflective enough to 
bounce light back to Dawn's imagers. 
“The global nature of Ceres’ bright 
spots suggests that this world has a 


at the Max Planck Institute for Solar \ subsurface layer that contains briny 
System Research in Germany, believe 

f each bright spot is caused by a type of 
"magnesium sulphate, which has ; 


hth 


_ water-ice,” explains Nathues. 
The new data also explores the 


t spots 


presence of intriguing ammonia-rich 
clays. This is a startling discovery, 

as this compound would normally 
evaporate off the surface of Ceres due 
to its warm temperature. However, 
the new data supports the theory 
that ammonia molecules could 
survive beneath the surface if they're 
chemically bonded to other elements. 
The presence of ammonia also brings 
the origin of Ceres into question. How 


did the celestial body come by this 7 
: eae 


compound? One theory suggests 
Ceres didn't origi its 


but drifted in from outside the Solar 
System. Another idea hints at Ceres 
travelling in from beyond the Milky 
Way on a trajectory and passing 
Neptune, where nitrogen ices are 
considered to be stable. 

“The presence of ammonia- 
bearing species suggests that Ceres 
is composed of material accreted in 
an environment where ammonia and 
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Japan's Akatsuki 
spacecraft arrives 


at Venus 


After orbiting the Sun for five years, the 
Venus Climate Orbiter finally swings into orbit 


around Earth's evil twin 


Five long years after its first attempt to 
successfully orbit the second rock from 
the Sun, the Japanese probe Akatsuki 
has finally reached Venus and has now 
begun an orbit around the icy planet. 
An engine failure cut short its original 
attempt back in 2010, but the $300 
million (around £200 million) vehicle 
can now finally begin the mission it 
was intended for. 

“As a result of measuring and 
calculating the Akatsuki's orbit 
after its thrust ejection, the orbiter 
is now flying on the elliptical orbit 
at the apoapsis altitude of about 
440,000 kilometres (273,400 miles) 
and periapsis altitude of about 400 
kilometres (250 miles) from Venus,” 
comments JAXA, the Japan Aerospace 
Exploration Agency, in an official 
statement. “The orbit period is 13 days 
and 14 hours, We also found that the 
orbiter is flying in the same direction 
as that of Venus' rotation." 


The Akatsuki probe 
took this ultraviolet 
image of Venus 
when it got closer to 
the planet 
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That original attempt, which took 
place on 6 December 2010, went awry 
when the main engine overheated 
during an orbit-insertion burn, sending 
the craft spinning off into space. 
Control was eventually re-established 
and an orbit around our home star 
was set as JAXA ran diagnostics and 
planned for a second try. With its main 
engine now out of commission, the 
Akatsuki craft has been relying on its 
thrusters for propulsion. 

And so, five years to the day of its 
first attempt, the JAXA probe fired its 
small-altitude control thrusters for 20 
minutes and successfully entered the 
atmosphere of Venus. Its course will 
now take it within 400 kilometres 
(250 miles) of the planet, at the closest 
point of its elliptical orbit. Normal 
operation is planned to begin in April 
2016, with JAXA intending to study 
the atmospheric composition and 
cloud physics of the planetary body. @ 
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_ 
JUICE's budget is €350mn 
(£250mn/$280mn) but final costs 
could be €3bn (£2.2bn/$3.3bn) 


New probe to 
Jupiter ae 
the go-ahead 
New partnership will 
see the gas giant-bound 


JUICE mission blast off 
from Earth in 2022 


The first large-class mission to 
form part of the ESA’s Cosmic 
Vision 2015-25 programme has 
been signed between the ESA 
and French aircraft manufacturer, 
Airbus. The Jupiter Icy Moons 
Explorer (JUICE) probe will see 
the two organisations working 
with NASA and Japan's space 
agency JAXA in order to bring 
the €350 million (£235 million) 
project to life, with 16 different 
countries providing research, 
manufacturing and funding. 
Planned for launch in 2022, 
JUICE will arrive at Jupiter 
in 2030 and spend three 
and a half years studying its 
turbulent atmosphere, gigantic 
magnetosphere and mysterious 
set of dark rings. The probe will 
also spend time gathering data 
from Jovian moons Europa, 
Ganymede and Callisto and it 
will then go into orbit around 
Ganymede, a first in Solar 
System exploration. Apart from 
attempting to better understand 
the fury of Jupiter's atmosphere, 
the ESA hopes that JUICE will 
determine whether these moons 
play host to huge oceans of liquid 
water beneath their icy crusts. If 
oceans are discovered, they could 
bring us closer to determining 
if the moons are habitable for 
humans in the future. The JUICE 
probe has ten state-of-the-art 
instruments, including some of 
the most powerful remote sensor 
and geophysical components ever 
taken into space - imager JANUS, 
laser altimeter GALA, and particle 
environment sensor PEP. @ 





JWST gets first 
mirror installed 
The James Webb Space Telescope, 
the revolutionary mid-infrared 
telescope that will eventually replace 
the long-standing Hubble Space 
Telescope, is edging ever closer to 
completion with the news the first of 
its 18 mirror segments has now been 
installed. The hexagonal segment 
weighs 40 kilograms (88 pounds) 
and is 1.3 metres (4.3 foot) across. 


Over half of 
Kepler's finds 
are not planets 


A new study by researchers at the 
University of Porto in Portugal 
suggests that half of the exoplanets 
discovered by NASA's Kepler Space 
Observatory are in fact false 
positives. The team of astronomers 
selected 129 candidates and 
discovered only 52 per cent of them 
were actually planets, while the rest 
are stars or brown dwarfs. 


Asteroid best 
way to build a 
Death Star, 
says NASA 

Ever wanted to construct your 
very own planet-destroying battle 
station? Of course you do - and 
NASA believes the perfect place to 
start would be an existing asteroid. 
“It could provide the metals,” 
comments Brian Muirhead, chief 
engineer at NASA‘s Jet Propulsion 
Laboratory. “You have organic 
compounds, you have water - all the 
building blocks you would need to 
build your family Death Star.” 


SLS edges closer 
to Mars 


NASA's Ground Systems 
Development and Operations 
programme has completed a critical 
design review as it prepares for future 
launches of the still-in-development 
Space Launch System (SLS). The 

SLS, along with the Orion spacecraft, 
will eventually be used for manned 
missions to the Red Planet. 








UR FIRST CONTAC 


It is thought that the close 
orbital relationship of these two 


exoplanets would not cause any 
catastrophic ecological events, 
such as an ice age 


— 


NASA has found a star, named 
WI1906+40, that is in the grip ofa 
raging and persistent solar storm 


NASA 
telescopes 
spot stellar 
storm twice 


the size of 
Earth 


Data from Spitzer 

and Kepler uncovers 
tumultuous star-based 
solar rage similar to 
Jupiter's Giant Red Spot 


By chance, NASA has stumbled upon 
a star caught in the grip of a raging, 
persistent solar storm. So persistent, 
in fact, that NASA has likened it to 
the violent landmark on our Solar 
System's most fearsome gas giant. 

“The star is the size of Jupiter, 
and its storm is the size of Jupiter's 
Great Red Spot,” says John Gizis of 
the University of Delaware, Newark. 
“We know this newfound storm has 
lasted at least two years, and probably 
longer." It's the size of the solar storm 
and the time it’s been boiling away 
that's captivated astronomers. Cloudy 
storms are nothing new on planets, 
but there's been little-to-no evidence to 
support the presence of similar events 
on other stars. 

The star, W1906+40, is an L-dwarf 
which is characterised by its relatively 
cool temperature. Burning at 1,927 
degrees Celsius (3,500 degrees 
Fahrenheit) it certainly isn’t chilly, but 
it's cool enough for clouds to form and 
it's in this solar exosphere that these 
storms are raging. @ 
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Two exoplanets discovered by NASA's 
Kepler observatory in 2012 could hold 
the potential to support life between 
them, reveals a new study. Kepler-36b 
and Kepler-36c are bound by close- 
passing orbits and it is this unusual 
bond that could foster life. 
The two planets - w are 
light years from Earth 
0 closely synced they 


kilometres (1.2 million miles) of one 
another, creating a ‘planetrise’ effect 
similar to our own relationship with 


Robots to spy 
on black holes 


New unmanned spy 
vehicles will enable 
these violent objects 
to be studied like 
never before 


The process of accurately measuring 
black holes could be about to get 
a whole lot easier thanks to a new 
initiative that uses robotically-controlled 
telescopes to do all the hard work. This 
traditional method of black hole study, 
known as ‘reverberation mapping’, 
usually takes a considerable amount 
of time and manual telescope use, so 
these new robot eyes could streamline 
the field like never before. 
Reverberation mapping involves 
studying the gas clouds surrounding 
a black hole and measuring how its 
gravitational pull affects them. This gas 
is chemically analysed and compared 
to similar pockets located further away 
- this, in turn, enables astronomers 
to accurately determine the mass of 
a black hole and the strength of its 
gravitational power. 


ts twin ple 


support organisms 


y 


) 
ets near 


the Moon. It's this incredibly unusual 
proximity that could provide the 
scenario needed to support life. 

A team of astronomers currently 
working at the University of Nevada, 


Las Vegas, believe this creates a ‘multi- 


habitable system’ where the close 
of two planets does not 
either planet to lose its axial tilt 


(the balance between a celestial body's 


axis relative to its orbit around a home 
star). “We found that the obliquities of 
the planets in multi-habitabl 

were not really affected by their close 





“This technique takes advantage 
of the fact that accretion discs don't 
always shine at the same brightness,” 
says McDonald Observatory 
astronomers in a recent statement. 
“A disc can flare brightly as new 
material falls in... or as magnetic fields 
cause some of the disc's gas to clump 
together. Measuring how long it takes 
the surrounding clouds to brighten 
as the flares illuminate them reveals 
their distance from the black hole. And, 
measuring the width of the lines in the 





ays Gongjie Li of the Harvard- 
Smithsonian Centre for Astroph' 
Massachusetts. “Only in rare instances 
mates be altered in 
ys. Otherwise, their 
milar to the planets 
in the Solar System.” 
This twin planet setup could 
also facilitate the transfer of organic 
materials between each world, a 
process known as lithopanspermia. 
While this remains theoretical, it 
provides an ing new setting for 
life far from Earth. 


While robotic telescopes are old news, 
those using spectrographs are still 
relatively new, so their inclusion in 
black hole studies could prove vital 


spectra from these clouds reveals how 
fast they are moving.” 

The robotic telescopes chosen 
include a pair of light-splitting 
spectrographs known as FLOYDS, 
which form part of the Las Cumbres 
Observatory Global Telescope Network. 
Based at sites across the world, the 
network recently tested the FLOYDS 
(which improve image accuracy by 
splitting an image into its composite 
colours) and early results suggest the 
Al telescopes are more than capable. @ 
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When the Sun scorches the Earth, a tiny moon in 
orbit around the ringed giant Saturn is our next home 


Written by David Crookes 
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Escape to Titan 


Humanity on Earth is doomed and there is nothing 
we can do about it. Our planet may have already 
survived for some 4.5 billion years but we face some 
major threats. There's always the possibility that 
an asteroid will wipe us out, just as one did for the 
dinosaurs 65 million years ago. We could be engulfed 
by a gamma-ray burst or disrupted by a wandering 
star. There are also dangers closer to home, from 
volcanoes to nuclear war. 

But supposing humans manage to survive all 
such threats, we can still say for certain that life 
here on Earth will eventually be no more. In five 
billion years from now - give or take a century or 
two - the Sun will undergo a massive change that 
will fundamentally alter the make up of our Solar 
System. It will cause the end of not only all creatures 
great and small here on Earth, but possibly the entire 


Benjamin Charnay 
Virtual Planetary Laboratory 


A postdoctoral scientist, Charnay is studying the 
planetary atmospheres and climates of Titan, 
exoplanets and the early Earth. 





planet, and we will have no choice other than to find 
somewhere else to live. 

Astronomers have been looking at the possibilities 
of colonising other planets for a good number of 
years. Mars currently tops the list of destinations, 
with NASA working hard to develop the capabilities 
needed to send humans to the Red Planet in the 
2030s. Yet, as interesting as that may be, some 
scientists are taking a much longer view. Rather than 
look towards the terrestrial planets for our new home, 
they say humans will one day have to relocate to 
the outer Solar System if they want to survive. As 
it stands, sending scores of humans to live beyond 
the asteroid belt is out of the question. The four gas 
giants are utterly unsuitable for life and the moons 
of the outer Solar System are well outside of the 
habitable zone - the region around the Sun where the 
atmospheric pressure is able to support liquid water 
at the surface, making conditions for life “just right" 
(the reason why it is dubbed the ‘Goldilocks Zone’). 

Yet things can and will change. The Sun is getting 
gradually warmer and it will eventually become 
so hot that it will boil off the Earth's oceans. This 
will happen sooner than we think. “In around a 
billion years time, the Earth will probably no longer 
be habitable for humans,” says Benjamin Charnay, 

a postdoctoral scientist at the Virtual Planetary 
Laboratory in the University of Washington. “The 
increasing solar insulation means the Earth will 
either evaporate all of its oceans or lose them by the 
atmospheric escape of hydrogen.” 

But that will only be the start. Even if humans do 
somehow survive the mass loss of water on Earth, 
the next thing to be affected would be the current 
habitable zone. At some stage, the Sun's hydrogen 
supplies at its core are going to deplete and gravity 


will take over. Nuclear fusion - the energy-generating 
process of converting hydrogen into helium - will 
cease, bringing an end to 10 billion years of stability. 
Indeed, as the Sun's core collapses, helium will fuse 
into carbon and the Sun will bloat up into a red giant, 
256 times its original size. “The Sun will swell out to 
beyond the orbit of the Earth,” says Dr Christopher 
McKay, a planetary scientist at NASA Ames Research 
Centre. The effects of all of this will be devastating 
for both the Earth and the entire inner Solar System 
and, at this stage, staying put on our planet will not 
be an option. 

After all, the outer layers of the Sun will now be 
at escape velocity and peeling away. Mercury and 
Venus will be engulfed, and the orbits of the planets 
will be widening due to a weakened gravitational 
pull. “Even if it survives, the Earth will be inside the 
Sun’s atmosphere,” Dr McKay adds. And if all of this 
sounds quite gloomy for the future of mankind, then 
be assured that it is. “The issue for humans would 
be to survive to this time,” says Dr Charnay, strongly 
hinting that there is every chance that nobody will 
be around to see any of it. 

But let us suppose that humans do manage to get 
that far. Where will they be able to go when the Sun 
has turned a vivid red? Well, the smart money is on 
a lovely home overlooking Saturn and its stunning 
system of rings. For in the new order of the Solar 
System, Titan, one of Saturn's moons, is likely to 
become the number one destination for humans. 

It won't be easy - the journey to Titan from Earth 
takes some seven years, which will excessively 
burden the body and mind of any astronaut - but 
it could be the perfect escape route that will keep 
mankind going for many more millions of years. It 
may be hard to imagine that a moon which is ten- 


“In around a billion years time, the Earth 
will probably no longer be habitable 


for humans 


Evolution of the Sun 


@ The Sun © Hot stuff 


© Early years 


———— |} Here and now 


Gradual warming © 


The Sun continues 
to fuse hydrogen 
into helium and it 
is currently stable. 


emerges 
The Sun was born in 
ERE cmeelenaleltlel 
of gas and dust 
called a,nebula. 


Collapsing under gravity 
and heating up to 10 million 
degrees Celsius (18 million 
degrees Fahrenheit), a 
small star is formed. 


Hydrogen within 
the Sun's core 
sustains nuclear 
fusion at a constant 
rate, radiating heat. 


As it ages, the Sun 
gradually warms 
up and slowly loses 
mass to energy. 


1 2 


In billions of years (approx.) 
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As it stands 

In the Solar System 
today, the habitable 
zone for-life forms is 
between 0.9AU to 1.5AU. 


Growing old 

As the Sun starts to age, 
it will become hotter. 
Earth would become 
too close to the Star. 


Continuing 
expansion 

The Sun becomes larger 
and it will turn into a 
red giant, expanding 
past the orbit of 
Mercury and Venus. 


Ared giant 

In fime, the Sun's 
supply of hydrogen 
will be exhausted and 
it will inflate in size. 
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A shift of habitability 


Planetary nebula 
As it dies and burns 
through its fuel, it 
opens up and ejects 
ionised gas. 
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(Sizes.are not to scale) 


Life on Earth 

Earth is within this 
habitable zone because 
liquid water can exist on it 
- habitability’s key test. 


Evaporating water 
Water on Earth would 
evaporate and the planet 
would no longer be in 
the habitable zone. 


Titan becomes 
habitable 

The outer lying planets 
will become closer to the 
Sun, shifting the habitable 
Zone. Titan will become 
potentially habitable. 





White dwarf 

The Sun's small core will 
remain and be incredibly 
dense. Temperatures 
will reach more than 


100,000°C (180,000 °F). 
« @ 
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What 

is it? 
Titan orbits 
is the second 
largest moon in 
the Solar System, 
it orbits Saturn 
and has a radius of 
2,576km (1,600mi). 


Distance from 


/ the Sun oa 


Titan is currently 1,427mn km 
(886.6mn mi) - or 9.54 AU - 


from the Sun. It is currently not in 


the habitable zone. 


Current temperature ~ 
The highest temperature on 


Titan is -180°C (-292°F) due to its 
sheer distance from the Sun. 
Titan's ice 
// Titan's mantle is composed 
* of water ice and it is likely to 
harbour a layer of liquid water. 


: Liquid hydrocarbons 


NASA says there 
are hundreds more liquid, 
hydrocarbons on Titan than all 
the known oil and natural gas 
reserves on Earth. r 


(@) Gravity and 

’ atmosphere 
Titan has low gravity and a thick 
nitrogen atmosphere that is 
1,000km (621mi) - ten-times 
larger than Earth's atmosphere. 


BO Sr, 


A potential home. 


bi ee the habitable zone shifts, Titan could be our first destination 




















What 

S$ isit? 
Titan will remain 

the second largest 
moon in the Solar 
System, as the 
largest - Jupiter's 
moon, Ganymede - 
will still exist. 


Distance from 
the Sun 

During the red giant phase 
of the Sun, Titan will be at a 


» distance of 450mn km (280mn 


mi) and in the habitable zone. 


Rising temperatures 

In the future, Titan's surface 
temperature could dramatically © ° 
rise to -70°C (-94°F), which will ~ 
allow some ices to melt. 


Flowing water 
With a hotter climate and 


‘melted ice, Titan would host large 


oceans of life-giving water. 


>) Organics will emerge 
1 It will bea-race against 
time in some respects, but Titan, 
will have 100 million years for « 
organics to heat and flourish. 


»\ Lovely atmosphere? * 
‘The upper atmospheric — 
hazewill deplete and important ti 
methane- based greenhouse n io ine 
effects will kick ih. ; 
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times further away from the Sun than Earth could 
possibly be a new human base, but Titan is actually 
a close match for our planet. In many ways it mimics 
Earth's primitive state and it is almost waiting to 

be awoken so that it can unleash its potential. As 
such, it has proved fascinating for astronomers who 
have been building up data about the moon since 
Huygens, an atmospheric entry probe, landed there 
in 2005 following a seven-year journey as part of the 
Cassini-Huygens mission. It was the first ever landing 
accomplished in the outer Solar System and it will 
not be the last by any means. Come the day when 
space agencies are seeking to send manned flights 

to Titan, you can be assured that the technology 
needed to safely transport people 3.2 billion 
kilometres (two billion miles) across the Solar System 
will be very much in place. 

Titan is actually one of only three worlds in the 
Solar System with surfaces and thick atmospheres 
- Venus and Earth being the others (“The thick 
atmosphere cuts down on radiation, so it is a very 
neutral environment,” says Dr Mike Malaska, an 
expert of The Planetary Society, with a PhD in 
organic chemistry). It has a gravity that is similar 
to that of our own natural orbital satellite, making 
Titan the easiest place to fly and land in the Solar 
System - something that should help with future 
colonisation. Astronauts will be able to navigate 
Titan wearing just warm coats, as it benefits from 
having zero-to-low pressure unlike our Moon or 
Mars. “The Moon and Mars both share the problem 
that if humans didn’t wear spacesuits they would die 
rapidly from depressurisation, which the movies like 
to show as being explosive,” says Dr McKay. “On Titan 
a spacesuit is not required.” 

Titan has weather and it is the only body in the 
Solar System other than Earth to possess surface 
lakes and seas. It also has river channels, dunes and 
complex hydrocarbons, along with pebbles of ice that 
point to an existence of water in the past. Crucially, 
it has copious organic raw materials. “These would 
be great for colonialists to use for manufacturing 
things,” adds Dr Malaska. “The diversity of features 
on the surface suggests that there might be different 
patches of different types of organics - kind of like 
the different rock outcrops here on Earth. There 
might also be outcrops of water ice, so water might 
be available after heating it high enough to melt it.” 

Indeed, astronomers say that all Titan effectively 
needs is warming up to make it a viable home. 
“Temperature is a current problem on Titan,” says 
Dr McKay, as the moon receives one hundredth of 
the solar heat we get here on Earth. “At -180 degrees 
Celsius (292 degrees Fahrenheit), if you visited today, 
it would feel like plunging into freezing cold water, 
so humans would have to find a way of keeping very 
warm. We'd have to wear special spacesuits like the 
ones divers wear. Yet all this changes once the Sun 
becomes a red giant.” 

When the Sun does change, Titan will be smack 
bang in the midst of a new habitable zone, which will 
have moved deeper into the Solar System, stretching 
from 49.4 AU to 714 AU, taking it as far as the Kuiper 
Belt. The frozen moons of the outer planets will 
become far warmer, melting ice into liquid water and 
allowing life a chance to flourish. As Dr McKay, Ralph 
Lorenz and Jonathan Lunine wrote in an important 
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“The Sun will swell out to beyond 

the orbit of the Earth. So, ie if the 
Earth survives this it will be inside the 
Sun's atmosphere” 


aeget 


"ey 








‘| Dr Chris McKay 
“@) NASA 


McKay is interested in the evolution of the Solar 
System. He is also involved in the planning of 
future human exploration missions to Mars. 
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Escape to Titan 


paper published in 1997, Titan would respond well 
to being given a new lease of life and humans could 
benefit greatly from it. 

Quite apart from the Sun raising the moon's 
temperature to -70 degrees Celsius (-94 degrees 
Fahrenheit), they noted that the surrounding thick 
orange haze of Titan's atmosphere would also be 
depleted. Since the haze currently allows the surface 
to be unaffected by the increase of solar radiation 
caused by the Sun being closer and hotter, this would 
enable a greenhouse effect, creating an environment 
that would be suitable for life. Things would begin to 
slot into place. 

What's more, the warmer moon would also change 
the composition of the atmosphere. Currently it is 
made up of 98 per cent nitrogen (compared to 80 
per cent on Earth) and two per cent methane and 
“the air is thicker than Earth by a factor of seven,” 
says Dr McKay. But five billion years from now, “the 
luminosity will be large enough to affect the icy 
crust and liberate a water-ammonium ocean,” says Dr 
Charnay. The effects will be jaw-dropping. 


Dr Carrie Anderson, the associate chief at NASA's 
Planetary System Laboratory, says the water will 
melt, mix with the organics and make up amino 
acids, which contain carbon, nitrogen, oxygen and 
hydrogen - the basic elements necessary for life. 
“Titan has all of these,” she told an audience at the 
Library of Congress in the US. “It’s just waiting. It's 
Teady to go.” 

Even so, there are doubts: “It would be difficult to 
produce an oxygen-rich atmosphere because Titan's 
atmosphere and interior are very reducing,” says 
Dr Charnay. “For instance, there is a lot of methane 
which would react to destroy oxygen.” There would 
also be something of a race against time in order for 
life to form and flourish. Titan will have a window of 


“just” 100 million years for life to emerge, for reasons 
we'll come to in a moment. Dr Anderson believes this 
is sufficient time for life to form on Titan, though, 
making it a viable future home for humans. 
“Remember, at this moment in time the ice will 
melt in the mantle, and a lot of it should melt, so 
you should have liquid water. Then we have all 
those organics just sitting around on the surface just 
waiting for the Sun to heat them up,” she says. It is a 
prospect that also excites Dr Malaska. 
“When the Sun evolves into a red giant, Titan 
will heat up,” says Dr Malaska. “The water ice in 
the crust will melt, and the organics on the surface 
will probably react with water, each other, and 
themselves. It'll be a wonderfully interesting organic 


“Discovering life on Titan would change 
our understanding of the fundamental 


processes of biology” 


How to get to Titan 


It may not be needed for five billion years, but it's good to be prepared 


Get some 

power 
Solar panels are 
useless until the 
red giant phase, 
so nuclear energy 
may be used. 


Train up astronauts 

Astronauts diving in Lake 
Untersee in Antarctica feel 
similar conditions to Titan: 
cold and lacking in oxygen. 





Create a spacecraft 

Seven years travel is 
hard. A fast human-rated 
spacecraft capable of 
reaching 10AU is needed. 
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e What a view 
tting up home TUM eee 
around a third of the view 


Tt may have similarities with Earth but what would it really be like to live on Titan? 


Red giant 
Residents on Titan 
would see the Sun as 
a huge, vivid red ball. 


Suiting up 

A spacesuit is only 
needed to breathe and 
keep warm. Walking 
will be like trekking 
through a down pillow. 
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will be taken up by Saturn. 


A lovely atmosphere 
The thick atmosphere is 
1,000km (621mi) high 
compared to 100km. 
(62mi) on Earth, making 
deliveries easy. 


Indoor life 


People living on Titan 
would live indoors 


oi where the environment 
‘ can be better regulated. 


ORE 
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ORGANIC CHEMIST 








Lots of lakes 


Lakes on Titan could be é Dr Mike Malaska 
used for transport and, 

with dams and gates, The Planetary Society 
Power generation; With a PhD in orga 


Malaska's current rese > 
the biology, geology and chemist! 
Saturn moon Titan. 


Escape to Titan 


chemistry mess. Most of the organic ‘goo’ will be 
floating on the surface of the water.” 

And yet there is a possibility that life already 
exists on Titan. Dr Malaska says life could be based 
on different sets of molecules and interactions, and 
that microscopic alien organisms may be swimming 
in seas of methane. Could this have a profound 
effect on our ability to colonise Titan in the event 
of a red giant? Would questions be raised over our 
chances of adapting and living alongside such alien 
life? Time will tell, and scientists will be working on 
those very answers. “If we discover life on Titan, it 
would be incredibly huge,” says Dr Malaska. “It would 
be a fundamentally different type of life and would 
take our fundamental understanding of biological 
processes to a new level.” 

He claims that Titan has already changed how we 
think about geology: “Comparing and contrasting the 
geology of Earth and Titan is a powerful tool. With 
regards to geology, we now talk about how lakes 
and rivers work, and now have examples using both 
water and hydrocarbons, so we can understand the 
fundamental processes even though the materials, 
temperatures and gravity fields are totally different. 

“Discovering life on Titan would likewise change 
our understanding of the fundamental processes of 
biology. It would extend our concept of the habitable 
zone where surface liquids exist to a different 
temperature range and set of surface conditions. It 
would also tell us that there may be even wilder and 
weirder temperature and chemical regimes that we 
can start to think about.” 

But even if life exists, emerges or travels to Titan, 
one thing is certain: it won't be staying there forever. 
Any migration from Earth to Titan will always be 
temporary since it will start to get too close to the 
Sun. Once those 100 million years are up, liquid 
water on Titan will evaporate and the moon will 
suffer an incredible rise in heat. But there is a 
potential for a reprieve. The Sun will later contract 
and become a white dwarf that will burn for a billion 
years. This will place Titan back into the habitable 
zone once again. It means any humans who escape 
to Titan and then suffer another setback - as Titan 
is burned dry - could, if they somehow hold out 
(and quite how is anybody's guess), have another 
opportunity for a long existence on Saturn's moon. 
As Dr Anderson told her audience: “Maybe life has a 
teal chance on Titan during those one billion years.” 
For the sake of the future of humanity, we sincerely 
hope it does. @ 


“Titan has all of 
the basic elements 
necessary for life 
just sitting around 
on the surface just 
waiting for the Sun 
to heat them up” 


Titan's limb, taken 
with Cassini's Visible 
and Infrared Mapping 


Spectrometer (VIMS) 
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Methane clouds 
were captured near 
the equator in the 
lowest part of the 
atmosphere 








Titan produces an 
orange colour, aS 
natural view from 
Cassini shows 


Dr Carrie Anderson 
NASA 


Associate chief at NASA's Planetary Systems 
Laboratory, Dr Anderson's research investigates 
the similarities between Titan's current state and 
Earth's early conditions. 





Bright sunlight can be 
seen reflecting off Titan's 
hydrocarbon seas, 
which are mostly liquid 
methane and ethane 


@ Tobias Roetsch; ESA; ESO; NASA 
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Launch: October 2018 
Launch rocket: Ariane 5 ECA 

Target: Sun-Earth L2 point 
Operators: ESA, NASA, CSA and STScl 
Orbital inclination: Halo orbit 
Component: Multiple 

international components 

Finishes construction: October 2018 
Mission ends: 2028 

Time spent in orbit: 6,201 days 

Focal length: 1314m (431ft) 


—_—_— 22m 


12m 


While the JWST is still 
under construction, a 
full-scale model has been 
displayed at various 


locations, including Battery 
Park in New York City, and 
the South By Southwest 
fetival in Austin, Texas 
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Ever since NASA launched the Orbiting Astronomical 
Observatory 2 craft in 1968, the scientific world has 
gazed out into the depths of the universe through 
many a generation of space telescope. For decades, 
two observatories have provided the most prolific and 
in-depth imagery of space - namely the Hubble and 
Spitzer Space Telescopes. Since its launch in 1990, 
the Hubble Space Telescope has become an integral 
part of NASA‘s (and by extension, the wider scientific 
community's) understanding of the cosmos, and 

in conjunction with the infrared capabilities of the 


Spitzer, launched in 2003, our views of the star-laden 
oceans around us have changed forever. 

But, like any great pioneer or innovator, the Hubble 
and Spitzer must eventually step aside to make way 
for a new wave of scientific developments. And it's 
in the James Webb Space Telescope - named after 
James E Webb, the second administrator of NASA, 
who helped redefine the vision of the early Space 
Race - that the American space agency is placing 
its hopes and dreams. And, with its 6.5-metre (21.3- 
foot) diameter segmented mirror, the new primary 


“JWST has the power to see further than 


any telescope and h 


opes to catch sight 


of the universe's first light” 








Asignificant test of the telescope’s sunshield 
was conducted in October 2014 at Northrop 
Grumman, enabling scientists to study its 
practical performance 
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Anatomy of the James 
Webb Space Telescope 


From microshutters and lightweight mirrors to cryocoolers and infrared 
sensors, the JWST is jam-packed with innovation and progressive tech 


Integrated Science @ @ Mid-Infrared 
Instrument Module Instrument 
Otherwise known as the This instrument (usually . , 
ISIM, this section of the referred to.as MIRI) combines  @ Fine Guidance 
craft contains the four main a camera and a spectrograph Sensor/Near Infrared 
scientific instruments used in order to detect light from Imager and Slitless 
aboard the JWST. distant objects that our eyes Spectrograph 
are unable to see. Provided by the Canadian 


Space Agency, these 
instruments enable the JWST 
to pinpoint the correct points 
in distant space for imaging. 


Segmented primary mirror @ 
The piéce de résistance of the 
JWST, the 6.5m (21.3ft) diameter 





segmented mirror will be able to @ Near Infrared 
cradle huge amounts of light from oP Spectrograph 
incredible distances. = Otherwise known as fi d 
ate @ Near Infrare 
NIRSpec, this instrument Camera 
will disperse light into Designed by the 
a spectrum, enabling SING v : 
the craft to study its University of Arizona 
mass, temperature and and Lockheed Martin, 


this NIRCam will be the 
JWST's primary imager 
with a wavelength range 
of 0.6 to 5 microns. 


chemical composition. 












Secondary mirror @ 
In conjunction with the large 
primary mirror, the smaller 
mirror reflects light from the 
primary mirror straight to the 
craft's scientific instruments. 






Trim flap @ 
Working as a rudimentary 
rudder, the trim flap enables 
the JWST to stabilise itself 
by counteracting the effects 
of solar pressure. 





\ AMM 


| D @ Multilayer sunshield @ Solar power array 
& The JWST will be operating in The side of the craft 
CX considerably cold temperatures, but its facing the Sun will feature 
Position will see it regularly bombarded the solar array, which 
with heat from the Sun. Five thick will convert sunlight to 
layers will protect the craft's mirror and electricity in order to 
prevent instruments from overheating. power the telescope. 
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Unfurling the JWST 


Main mirror is @ 
assembled 

Between day 12 and 14 of 
navigation, the two wings 
of the main mirror are 
Positioned to align with the 
larger mirror section facing 
the secondary mirror. 


Secondary mirror @ 
deployed 
After the on board cryocooler 
is activated, the secondary 
mirror is moved into position. 
This is around 11.5 days into 
the spacecraft's voyage. 


Sunshield is readied @ 
Following a series of course 
corrections, the fore and aft 
(front and rear) sunshield 
pallets are unfolded and 
the material of the main 
sunshield are pulled taut 
like a multilayered tarpaulin 
beneath the main tower. 


Solar a are 
deployed @ 

After separating 
from the launch 
vehicle, the solar 
arrays and antenna 
are unfolded into 
place within ten 
hours of taking flight. 


telescope will provide a whole new level of clarity to 
space-captured imagery. 

The James Webb Space Telescope (sometimes 
referred to JWST or simply Webb) began life in the 
wake of Hubble's journey to scientific immortality. 
Four years after its launch, Hubble was proving a 
resounding success, so NASA began to ponder the 
next step for space observations. What shape would 
they take in the coming decades as Hubble orbited 
towards retirement? 

In 1996, a NASA committee convened to discuss 
that very subject, and it soon became apparent that 
certain capabilities that Hubble didn't have - such as 
improved infrared vision - would be vital if the next 
generation of telescopes were to outshine the already 
considerably bright Hubble. Not only that, it would 
have a mirror large enough to provide greater light 
sensitivity and the power to see further than any 
other telescope. The teams behind this early form 
of the JWST wanted to do the seemingly impossible 
- they wanted to glimpse the very first light in the 
universe. NASA certainly had the dream. It then 
needed a plan to make it a reality. 

Later that year, three teams of engineers and 
scientists convened to etch out a plan. A mirror of 
4.5-metres (14.8-foot) in diameter was conceived 
as an ideal (if ambitious) size for the segmented 
mirror and the newly dubbed Next Generation 
Space Telescope (NGST) was born. Over the next 
six years, the various refinements were made to 
its design, including a change of name in 2002 to 
honour the man who had been at the forefront of 
the iconic Apollo missions. Designed and overseen 
in cooperation with the European Space Agency 
(ESA), Canadian Space Agency (CSA) and the Space 
Telescope Science Institute (STScI), construction of 
the JWST began in earnest in 2004. To make NASA's 
ambitious plans for the JWST possible, NASA and 
its partners have brought together some of the most 
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L2 point orbit @ 
= begins 





After around a month of 
travel (that’s roughly 1.4 
billion kilometres or 871 
million miles from Earth), 
the fully-assembled 
JWST begins its halo oe <y <y 
orbit at the L2 point. 
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innovative technologies currently bubbling away 


in the industry. The craft will have a colossal 
‘backpane’ that will serve as the spine for the 
craft, holding the giant 6.5-metre (21.3-foot) 
segmented mirror and ensuring the whole 
vehicle remains motionless while its mirrors 
and lenses work together to capture each 
stunning image. This section of the craft 
will also provide a vital means of regulating 
the craft's temperature - an important factor 
when you consider it will be operating at 
around -225 degrees Celsius (-370 degrees 
Fahrenheit). 

Those mirrors form the most essential part 
of the JWST - in order to see the remains 
of the universe's birth, over a staggering 
13 billion light years away, the mirror in 
question would have to be big enough to 
collect every last drop of light. However, a 
huge mirror means considerable weight, 
so the JWST teams have created one from 
18 hexagonal segments, with each one 
crafted from beryllium (which is a light 
yet strong metal) and coated in gold to 
improve its reflection of infrared. Each 
individual segment weighs as little as 20 
kilograms (44 pounds) and they all fit 


Head to head 


Aging Hubble and the upcoming JWST couldn't be 
any more different. Hubble studies space in optical 
and ultraviolet wavelengths, while the JWST will 
focus on infrared (which enables it to pierce thick 
clouds of space dust). Hubble is 13.2 metres (43.3 
foot) in length - the size of a bus, but the JWST 


in comparison is huge. The sunshield alone is 22 
metres by 12 metres (72 feet by 39 feet) - roughly 


the size of a tennis court! 


| TOP TECH | 
The JWST 
sunshield 


In order for the JWST's instruments to 
operate they need to be cooled to below 

50 kelvins (roughly -223°C or -370°F). To 
detect emissions from astronomical objects, 
the JSWT employs a sunshield that blocks 
out the Sun's damaging heat and radiation 
while it conducts a halo orbit around the L2 
point. The sunshield consists of five layers of 
Kapton (a kind of polyimide film) coated in 
aluminium and doped-silicon, which reflects 
the heat of the Sun away from the craft. 
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together to create one giant instrument. 

So what does the future hold for the JWST? 
2016 is already shaping up to be a big year for 

the craft in the run up to its planned 2018 

launch. Currently, almost every element of the 
telescope has been constructed, including the 
huge gold and beryllium mirrors and the large 
‘backplane’ that forms the spine of the craft. In 
fact, the first of its mirrors was installed at the 
end of November 2015. With a team of over 
1,000 people from over 17 different countries 
involved in its creation, the JWST has been a 
long time coming, but its mission to capture 
the first light of the universe has galvanised 
the teams involved and set the stage for one 
of the most anticipated developments in 
modern space engineering. @ 


@aAriane 5 ECA ; 
The expendable launch vehicle 
will carry'the JWST to its space 
destination. It will launch from 
the European Spaceport located 
near Kourou, French Guiana. 


TWMOkg 6,.200kg 


Vital statistics 
6,200kg 


The total mass 


of the rocket and ""™" 
payload at launch 


that’s about 
half the 
weight of a 
normal double 
decker bus 


eee that's 

5.5 years ee dual toa 

The initial mission Staggering . 
time for JWST 675 lunar orbits 


The length of the 
Ariane 5 ECA rocket 
that will carry the JWST 


705kg — iis 


The mass of the JWST's almost the same 
segmented primary mirror weight as a normal car 


equal to one half 
of a football pitch 





User Manual The James Webb Space Telescope 


Co take 
photos from 
the L2 point 


1 Building up energy 

After around 30 days of travel, the JWST will 
need to build up enough energy to break into the 
gravitational pocket created between the Earth 
and the Sun. To do this it will perform a small loop 
- this will create a slingshot that will launch the 
rocket into orbit at the L2 point. 





- 


Staying in place 

Now that it has breached the gravitational 
pocket of the L2 point, the JWST now has to keep 
itself in place so that it can commence searching 
for the ‘first light’ of the universe. However, the L2 
point is ‘metastable’, meaning objects caught in its 
grasp will eventually drift off. The JWST needs to 
use small amounts of thrust to realign itself. 










3 Maintaining direction 

The back of the craft must always be facing 
the Sun to protect the sensitive instruments and 
mirrors at the front. This positioning is also vital 
to keeping the JWST functioning, and all that 
sunlight isn't going to waste as the solar panel at 
the rear converts it into electrical power. 


4 Never losing track 
Unlike the Hubble Space Telescope, the JWST 
won't enter into the shadow of the Earth and lose 
sight of its intended targets. Instead, the new 
NASA telescope will perform its halo orbit every 
six months. This process will ensure the JWST can 
capture images and data without being hindered 
by the position of Earth and the Moon. 


© Adrian Mann; NASA; Northrop Gramman 


Frozen stellar giant 
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Aside from the fact that the Sun is orbited by the 
only planet in the universe known to be home to 
life - which, let’s face it, is pretty special - our star is 
pretty normal as far as stars go. 

Along with 90 per cent of the other stars in the 
universe, it is classed as ‘main sequence’: powered 
by fusing hydrogen to make helium. It is medium 
sized, it is using up its fuel relatively slowly, and 
it will die quite quietly; without all the drama of © 
a supernova and with no risk of leaving behind a 
black hole. However, some of the other stars out 
there are seriously strange. In the Milky Way and 
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All About Space take a look at some 
of the Sun's strangest stellar cousins 


OVA 
STELLAR 
GIANT 


of the weirdest 
stars in the galaxy 


Written by Laura Mears 


its surrounding satellite galaxies, astronomers 
have uncovered some weird and wonderful things. 
There are stars shrouded in clouds of lead, stars 
spinning so quickly that they are almost pulling 
themselves apart, and stars that are being eaten by 
their companions. And those are just the ones that 
we can see. 

Scientists have also hypothesised about the 
existence of even weirder objects, including stars 
physically inside other stars, and stars orbited by 
alien megastructures. All About Space explores 
some of the weird and wonderful stars in the galaxy. 


31 


Frozen stellar giant 
— as 


The star that 
e(a(eseel I Blessate 


Nasty 1 (officially known as NaStl) 

is a Wolf-Rayet star, which is many 
times the mass of our own Sun, 

and it is burning through its fuel 

at an astonishing rate. It has been 
photographed by the Hubble Space 
Telescope and the Chandra X-Ray 
Observatory, and although there are 
other stars of the same type, none are 
quite like this one. 

Wolf-Rayet stars are huge, rapidly 
evolving stars that quickly lose their 
outer layers of hydrogenrgas, exposing 
the hydrogen core beneath. They 
produce steady streams of solar wind 
and occasionally eject large quantities 
of material, blowing their own fuel 


Nasty 1is racing through 
its life cycle and evolving 
at an astonishing rate 


supply out into space. Other Wolf- 
Rayet stars spit gas from their poles 
in two enormous lobes, but Nasty 
lis surrounded by a qumpy, 3.2 
trillion kilometre-wide (two trillion 
mile-wide) disc. It seems that rather 
than losing all of its gas by throwing 
it away, Nasty 1 has actually had its 
outer layers stolen. 

The Chandra Observatory has 
detected evidence of another star in 
the area and this hidden companion 
is thought to be the culprit. It is 
thought that when Nasty 1 expanded 
as it started to run out of fuel, the 
neighbouring star could have stripped 
the oftter layers of gas away. 





Wolf-Rayet stars usually throw out gas but NaSt1 behaves very 
differently by allowing its outer layers to be stolen 


www.spaceanswers.com 


‘An artist! impression of a, 





3 Stars that live 
inside others 


We know that some stars are close 
enough to touch, but it is possible that 
some star pairs have gone one step 
further. In the 1970s, astrophysicists 
Kip Thorne and Anna Zytkow 
hypothesised that if a neutron star 
were close enough to a red giant, one 
could end up inside the other. 

When massive stars die, they 
collapse in a dramatic explosion 
known as a supernova. In the process, 
their remains crunch down to form 
a black hole or a dense neutron star. 
Smaller stars become red giants when 
they start to run out of fuel, swelling 
to many times their original size 
before they die. If a neutron star is 
too close to a red giant, the pair could 


AThorne-Zytkow 
object is a red giant 
with a neutron star 
inside it 
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end up touching. As they carried on 
orbiting they would rub together, 


gradually spiralling inwards until the 


neutron star was fully enveloped. 
Eventually, Thorne and Zytkow 


reasoned that the neutron star could 


replace the red giant's core. 
In 2014, Zytkow, and her 
collaborators in Arizona and La 


Serena, spotted a star with an unusual 


emission pattern. She and Thorne 
had originally predicted that stars 
inside stars would have a burning 
shell with unusual quantities of 
specific elements, and this star, HV 
2112, has excess rubidium, lithium 
and molybdenum in its atmosphere, 
making it a possible candidate. 
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2. Frozen stellar giant 


The term ‘frozen star’ was once used 
by Russian scientists to describe black 
holes (to an outside observer, objects 
crossing over the event horizon appear 
to freeze), but there are thought to be 
stars that are literally frozen. 

Stars release energy using nuclear 
fusion; smashing atoms together until 
their nuclei fuse, forming heavier 
elements in the process. The first 
stars in the universe were fuelled by 
the lightest elements - hydrogen and 
helium - but as the second and third 
generations of stars were born, these 
newly made heavier elements were 
incorporated into the gas. 

In 1997, astrophysicists Fred Adams 
and Gregory Laughlin from the 


These two stars are so close that 
they are physically overlapping 


University of Michigan predicted that 
as the universe gets older, the stars 
within it will continue to become 
increasingly metallic; including ever 
increasing proportions of heavy 
elements. The cores of these future 
stars will radiate less energy, which 
could allow them to sustain hydrogen 
fusion at much lower masses. 

The rate of the fusion inside these 
small metallic stars would be so slow 
that the energy released would be 
barely sufficient to heat the surface 
to O degrees Celsius (32 degrees 
Fahrenheit) - the freezing point of 
water. So, these dim and long-lived 
stars could even be surrounded by 
huge clouds of ice. 


SI EICESORG (ess) 


idarlmuslacencelel 


It is estimated that half of our 
closest stellar neighbours are 


actually binari aring a common 
centre of gravity with one or more 
other stars. Most pairs remain 
complet parate, orbiting at 
such a distance that they ni 

cross paths, but others get so close 
that they touch. 

In a star-forming region of the 
Tarantula Nebula, a pair of massive 
stars are orbiting a common 
centre of mass at a distance of 
just 12 million kilometres (7.5 
million miles) - that's more than 
three-times closer than Earth is to 
Venus - with their centre 
together, their atmospheres overlap. 
Together, the pair of stars are more 


0 close 


than 50-times larger than the Sun, 
and they complete an orbit almost 
once a day. They are both a similar 
ize, and rather than stealing gasses 
from one another, they are sharing 
about a third of their atmospher 
The future for the s: 


ive and would spin rapi 

xis. When the star eventually 
died, it would go out with a 
monstrous explosion. 

Alternatively, the pair of stars 

might manage to remain separate, 
ending their lives as two adjacent 
black holes. 
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Egg-shaped stars 


The Sun is almost spherical but, like 
clay on a potter's wheel, the faster they 
spin, the more distorted their shape 
becomes. Two well-known examples 
of rapidly spinning, egg-shaped stars 
are Regulus, in the constellation Leo, 
and Vega, in the constellation Lyra. 
The Sun completes a rotation on 
its axis around once every 27 days, 
but Vega spins a full turn in just 12.5 
hours, In fact, it is rotating at 90 per 
cent of the estimated maximum speed 
that it could manage before ripping 
itself to shreds. The result of this 
rapid spin is that the star is stretched 


Vega spins so rapidly that 
it becomes stretched and 
distorted in the middle 


outwards at the equator, bulging out to 
become more than 30 per cent wider 
than the star is tall. 

Why some stars rotate dangerously 
close to their maximum speed is not 
fully understood, but some stars have 
a companion that could be the culprit. 
Regulus is part of a binary system, and 
its companion star could be increasing 
its spin speed by spraying matter 
onto its surface; a bit like spraying a 
ball with a water pistol. Vega, on the 
other hand, does not seem to have a 
companion and the reason for its rapid 
Spin 1s unknown 





Impossible stellar object 


The force of gravity is constantly 
urging stars to collapse but nuclear 
fusion within the star provides 
enough pressure to prevent this from 
happening. However, when a star runs 
out of fuel the result is inevitable: the 
star will collapse. 

In the most extreme circumstances, 
the collapse is total and the star 
crunches down into a black hole, but 
for less massive stars, the collapse 
stops early. Atoms are crushed 
together until protons and electrons 
fuse to form neutrons, and the result 
is a dense neutron star. But some 
scientists believe that the sequence 
does not stop there. 

Neutrons are made up of even 
smaller particles called quarks, and it 
is possible that there could be another 
stage in between neutron stars and 
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black holes; smaller, denser and 
compact quark stars. 

In 2002, NASA's Chandra X-ray 
Observatory spotted a candidate - a 
strange looking neutron star, which 
appeared too small, as though its 
matter had crunched into a smaller 
space than expected. Later, in 2008, a 
team of Canadian scientists from the 
University of Calgary reported three 
unusually bright supernovae, which 
they suggested could be the result of a 
‘quark nova; a burst of energy released 
as a neutron star collapses to form a 
quark star. 

Though quark stars are still a 
hypothetical concept, they hint at the 
possibility of other unusual objects 
existing between neutron stars and 
black holes - including one of our next 
entries, the electroweak star. 


7 The star 
with the 


odd flicker 


The idea that there might be 
intelligent life out there in the 
universe is still hotly contested, but 
scientists occasionally spot things 
in space that might point to alien 
civilisations. And, recently, NASA's 
Kepler Space Telescope has been 
recording something strange. 

A bright star 1,400 light years 
from Earth keeps dimming 
dramatically, indicating that 
something could be temporarily 
blocking the light. This could be 
caused by orbiting planets, but in 
this case the change in inten: 
seems too great. 

The identity of the structure 
orbiting KIC 8462852 is a mystery, 
but some have suggested that it 
could be caused by a megastructure 


Some scientists 


believe that small, 
dense quarkstars @ Up quark 
exist between 
neutron stars and 
black holes 


® Down quark 
e Strange quark 


built by intelligent aliens. It might 
sound far-fetched, but the Search 
for Extraterrestrial Intelligence 
(SETI) institute have taken the 
findings seriously enough to turn 
their Allen Telescope Array towards 
the star. 

So far, though, they haven't 
detected any signals and SETI 
Institute astronomer, Seth Shostak, 
urged caution: “The history of 
astronomy tells us that every 
time we thought we had found a 
phenomenon due to the activities of 
extraterrestrials, we were wron; 

But they haven't given up hope 
just yet, and the search for alien life 
will continue next year using the 
upgraded Green Bank Telescope in 
West Virginia. 
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The star that's 
like a galaxy 


In 2011, NASA announced that 
researchers using the Subaru 
Telescope in Hawaii had spotted a 
young star surrounded by a spiralled 
disc of dust and gas. Spiral arms 

are nothing new, they are a feature 
commonly seen in galaxies, but to find 


them around a star was completely 
unexpected and never seen before. 
Considering the amount of time 
humans have been staring at the 
sky, this was a special find, as NASA 


explained: “For more than 400 years, 
astronomers have used telescopes to 
study the great variety of stars in our 
galaxy. Millions of distant suns have 

been catalogued.” 
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Since this first discovery, other 
stars with spiral arms have now 
been identified, including MWC 758, 
which has two distinct arms. These 
distinctive trails are made from the 
remains of the dust and gas that 
originally formed the star, and it is 
believed that orbiting planets shape 
these trails. Around other stars, 
planets have left rings and holes in 
the gas and dust. Computer modelling 
suggests the spirals could be formed 
in a similar way, as large objects 
orbiting the star interfere with the disc 
of matter around it. So, the shape of 
the spirals could hold clues about the 
location and mass of these planets. 


Seeing spiral arms around 
a star is very unusual, and 
it is believed that orbiting 
planets shape these trails 





Frozen stellar giant 
RS 


It has been suggested 
that the dimming of 
light from KIC 8462852 
could be caused by a 
cloud of comets 
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9 Super-exotic star 


Quark stars are thought to exist 
somewhere between neutron stars 
and black holes, but there could be yet 
another undiscovered type of star in 
the sequence. 

In 2009, it was suggested that 
quark stars themselves could collapse 
a little further to form ‘electroweak’ 
stars. ‘Electroweak’ refers to two of 






Supermassive black 
holes can fling stars 
right out of their galaxies 
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the four fundamental forces; the 
electromagnetic force and the nuclear 
weak force. The electromagnetic force 
is the physical interaction between 
charged particles, and the nuclear 
weak force is the glue that holds 
particles together. The idea is that 

as a quark star continues to collapse 
towards becoming a black hole, the 


temperature inside will rise and, at 
a certain point, the electromagnetic 
force and nuclear weak force will 

become virtually indistinguishable. 

At this point, the quarks are 
converted into particles called leptons. 
This process could release enough 
energy to delay the complete collapse 
of the star into a black hole. 


Spotting these hypothetical stars, 
however, will be a challenge. The 
energy released when quarks are 
burnt leaves the star as neutrinos. 
These are similar to electrons but 
without any electrical charge, and 
they travel through matter with very 
little interference, making them really 
difficult to detect. 


10 The speeding stars 


In 2014, scientists at the University of 
Utah spotted a star moving at speeds 
in excess of 1.6 million kilometres (one 
million miles) per hour. Known as a 
hypervelocity star, it is one of only a 
handful ever identified. These stars 
are nomads; something has seriously 
disturbed their orbit around the 
galactic centre, and they are on a one- 
way trip out of the Milky Way. 

One explanation - put forward in 
1988, before the first hypervelocity 
star had even been seen - is that these 
speedy objects have been kicked out 
by the supermassive black hole at the 
galactic centre, Sagittarius A*. Around 
half of the stars in the galaxy are 


thought to orbit in pairs. When these 
closely linked systems get too close to 
the huge gravitational pull of a black 
hole, one star can be forced into a tight 
orbit whilst the other is flung out into 
space. The idea has been around since 
the 1980s, but it wasn’t until 2005 that 
the first of these hypervelocity stars 
was actually seen. 

Astronomers have now detected 
more than 20, and it is predicted 
that there could be many thousands 
more. There is also a ring of stars in 
high-speed orbits around the black 
hole at the galactic centre - potentially 
the partners of the stars that are now 
hurtling out of the Milky Way. 
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Stars with 
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In 2013, scientists from the Armagh 
Observatory in Northern Ireland 
spotted two helium-rich subdwarf 


stars shrouded in vast clouds of lead. 


The outer temperature of the stars 
is so hot that the electrons are being 
stripped away from the lead atoms, 
creating visible emissions that can 


Itis unusual for stars to 
contain so much of the 
heavy element, lead 
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be seen from Earth. According to the 
Royal Astronomical Society, for every 
10 billion hydrogen atoms inside the 
Sun there is less than one atom of 
lead, but these two new stars have 
10,000 times the amount, which can 
be found in a layer that is estimated 
to be 100 kilometres (62 miles) thick. 


Lead is one of the heaviest 
elements found in nature and is 
produced when massive stars explode 
in violent supernovae. The stars that 
contain it were formed from the gas 
ejected by these explosions, but this 
alone does not explain why there is 
so much lead in the atmospheres of 


Frozen stellar giant 
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these stars. Scientists believe these 
stars are going through a late stage in 
their life cycle; losing their outer layers 
and transforming from red giants into 
smaller, brighter, hot subdwarfs. As 
they shrink, pressure from the light 
sorts the star's internal gases into 
layers, pushing the lead outwards. 


Q 
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Focus on Apollo 14's Moon landing 





Apollo 14's 
WW loceal etelentare. 


It's been 45 years since three rookies landed 


on the lunar surface and played lunar golf 


When Apollo 14 launched on 31 January 1971, it was 
not without trepidation. The previous year, the third 
lunar landing mission - Apollo 13 - had failed to make 
it to the Moon when an oxygen tank exploded. The 
crew members survived but serious questions were 
being asked about the viability of manned missions. 
Apollo 14 didn't get off to the best of starts either. 
Clouds and rain forced a delay of 40 minutes and two 
seconds, while commander Alan Shepard, command 
module pilot Stuart Roosa and lunar module pilot, 





Edgar Mitchell, had problems with the docking 
latches. But, they finally landed on the Moon on 

5 February 1971 in the Fra Mauro formation, with 
Shepard and Mitchell spending 33.5 hours on the 
lunar surface. Two extravehicular activities traversed 
3.5 kilometres (2.2 miles) over 13 locations, carrying 
out ten experiments over nine hours. And, although 
an attempt to tow a two-wheeled trolley full of tools 
and cameras 1.6 kilometres (one mile) up the steep 
slopes to the rim of Cone Crater was abandoned, the 


mission was deemed an overall success. For the trio, 
it was a particular triumph, as they had been dubbed 
“the three rookies" due to their lack of spaceflight 
time and experience. 

Indeed, only Shepard had flown before - which 
was in 1961, as the first American in space. To 
celebrate, he had his own moment of glory. Just 
before the crew readied for home, Shepard grabbed a 
six-iron and hit some golf balls far into the distance. 
It was, it has to be said, the ultimate Moon shot. @ 


Several experiments were 
carried out on the Moon and 
many surface and orbital 
images were taken 
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Apollo 14's Moon landing 


During their Apollo 14 
mission to the Moon, Alan 
Shepard and Edgar Mitchell 
spent a total of 33.5 hours 
on the lunar surface 
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Why study Astronomy? 
How does Astronomy affect our everyday life? 





* The Sun provides our energy to live and is used for timekeeping. 

* The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
* Constellations can be used for navi 
¢ Astronomy is one of the oldest sciences. 
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own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 





Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
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Cat's Eye 
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It's a dying star 
Although it may look full of life, the Cat’s Eye 
Nebula is actually an expanding red giant star 
in its last throes. Like all planetary nebulae, it is 
exhausting its fuel supplies and slowly expiring, 
emitting a glowing shell of ionised gas. Once these 
supplies run out it will become a white dwarf. 


It's thousands 
of times brighter 
than the Sun 


The Cat's Eye Nebula is more than 3,300 light 

years away from Earth. It is primarily made up of 
hydrogen and helium and the central progenitor 
star is 10,000 times as luminous than the Sun. Each 
dust shell contains as much mass as all of the Solar 
System's planets combined. 
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Me CKeleeiacael 
in 1786 


William Herschel, who discovered Uranus, was the 
first to observe the Cat’s Eye Nebula. He found it in 
1786 but it would not be until 1994 that its intricate 
structure would be revealed, thanks in no small part 
to the Hubble Space Telescope, which - at the time - 
had only just been fixed. 


The Cat's Eye Nebula 
looks to be full of life 
but it is actually in its 
last throes and will 
eventually burn out 






It's 1,000 years old 


The red giant star that made it began ejecting its 
outer layers and lost its outer envelope around 1,000 
years ago. But it won't continue forever: planetary 
nebulae last a few thousand years before becoming 
white dwarfs. Astronomers know of just 1,500 
planetary nebulae in the Milky Way. 


It may host 
two stars 


The Cat's Eye Nebula is structurally complex with 
bubbles, knots, jets of gas and at least 11 concentric 
shells within its composition. There is a suspicion 
that the bright central object of the nebula may be 
a binary star system - that is two stars orbiting a 
common centre of mass. 


@NASA 





Next-generation space planes . 


AAS Spaceline 





All About Space welcomes you 
Me aboard your future ride into space 
Giclee i 


MACHRIHANISH SPACEPORT 
NEAR 

obin Hague ne 

AS27 7 


i 


(eal INO 


twin 
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@ Flight Information 


Scheduled launch: 


2016 


XCOR Aerospace 

This winged, suborbital spacecraft is 
a horizontal take off and horizontal 
landing craft that is able to carry 
one pilot, one passenger and/or a 


payload up to 100km (62mi) altitude. 


According to latest 2015 reports on 
the project, the Lynx space plane is 
due to take its first flight in 2016. 





Capacity: 2 


SpaceShipTwo 

Virgin Galactic 

SpaceShipTwo is an air-launched rocket 
plane designed to carry six people on 
space tourism flights. It is carried up 

to 15km (9.3mi) altitude by its specially 
developed carrier aircraft White Knight 
Two, where it drops off and uses its 
rocket to boost up to a maximum height 
of 1Okm (68.4mi). 





Capacity: 8 


Sierra Nevada Corporation 
Dream Chaser is a lifting body space 
plane, where the wings and the body 
blend into one shape. It will be vertically 
launched into orbit on top of an Atlas 5, 
or possibly an Ariane 5 rocket. It would 
then be able to rendezvous with the 
Space Station, before returning to land 
on a runway. 





Cost of seat: 





Capacity: 7 


Skylon 

Reaction Engines 

The Skylon’s engines will be able to 
draw in oxygen from the atmosphere 
from take off, reducing the weight of 
the aircraft. This makes it possible to 
create a single piece vehicle that can 
take off from a runway, fly into orbit, 
and then return to the same runway, 
much like an aeroplane. 





eed: Speed: 
= 1.03km/s (0.64mi/s) Se (.8mi/s) 





At the peak of the space race in 1968, Stanley 
Kubrick's 2001: A Space Odyssey gave life to the 
space future that many people expected lay ahead. 
The story began with a Pan-Am Orion III space plane 
carrying passengers to a giant rotating space station 
in Earth orbit. It's a sleek, white, delta-winged craft 
that looks like a cross between Concorde and the 
Space Shuttle, and provides airline-like travel directly 
into Earth orbit. 

Of course, space travel did not continue to develop 
at the same rate, and even the Space Shuttle failed 
to deliver cheap routine access to space, let alone 
in-flight entertainment and steward refreshment 





services. Now, however, a new generation of projects 
are bringing the space plane from the pages of 
science fiction and into reality, and these projects 
may pave the way for the future of space tourism. 
One of the first new space planes to take to 
the skies is Virgin Galactic’s SpaceShipTwo (SS2), 
developed from the smaller SpaceShipOne (SSI) that 
flew in 2004 to win the $10 million (£6.6 million) 
Ansari X Prize for private human spaceflight. SS1 and 
SS2 are suborbital space planes, which means they 
can reach the 100-kilometre (62-mile) high boundary 
of space, without going into orbit. They both use 
hybrid rocket engines, burning solid rubber fuel with 


"A new generation of projects are 
bringing the space plane from the pages 
of science fiction and into reality” 
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275,000kg 


8km/s (4.8mi/s) 








nitrous oxide as an oxidiser, while most spacecraft 
use two liquid propellants, and missiles typically 
have solid rocket motors where the fuel and oxidiser 
are mixed in one solid block. But, despite their novel 
propulsion, it is their re-entry system that is unique. 

To safely re-enter the atmosphere the SpaceShip 
must return at just the right angle or potentially burn 
up, and Scaled Composites’ designer Burt Rutan was 
determined to find a fail-safe way of bringing his 
new space plane back to Earth. And he found it with 
the SSI's “feathering booms". The craft has twin tails 
sticking out of its square wing and once it reaches 
space it folds these up, so that the tailplanes and 
the back half of the wing are at a right angle to the 
body. This forms a stable shape that ensures the craft 
always falls the right way back into the atmosphere, 
without the pilot having to do anything! 

Once back in the atmosphere, it folds its tail down 
again and lands normally on a runway. Though the 
SS1 only made three spaceflights before it was put on 
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display at the US National Air and Space Museum, 
Virgin Group licenced the technology and established inspects the interior 
Virgin Galactic (VG) with the intention of offering cabin of the Dream 
space tourist flights from as early as 2007. Scaled - Chaser space plane 
Composites began designing the SS2 for VG, a larger 
and updated version that carries six passengers and 
two crew members using the same hybrid propulsion 
and feathering re-entry. You can buy tickets right 
now, if you have $250,000 (£165,200) to spare, which 
will get you just four minutes in space and three days 
space training in the lead up to your flight - at least 
that is the plan. 

But, scaling up the technology from the five-metre 
(16.4-foot) long, 3.6-ton SpaceShipOne to meet the 
needs of the 18 metre (59 foot) long and 9.7-ton 
SpaceShipTwo has been much more challenging than 
originally expected. Hybrid engines have safety and 
simplicity advantages over bi-liquid rocket engines, 
but they are very tricky to get right; and the SS2's 
bigger engine has suffered rough burning and less 
performance than intended. It seems that planning 
to offer space tourist flights in 2007 was a little 
ambitious, as it was to be another six years before the 
SS2 made its first powered flight in 2013. 

With a run of successful tests behind them, 

VG launched the SS2 in October 2014 with a new 
engine that burned nylon fuel. If it was successful, 
commercial space flights were expected to begin in 
2015. Shortly after dropping off its carrier aircraft and 
igniting its engine, the SS2 was seen to break apart in 
flight. While many immediately assumed a fault with 
the new engine, the air crash investigation found the 
copilot, under the stress and vibration of live firing, = 
had unlocked the tailbooms too early. Without the 


—— = ——_ ~ 
“ . “C: . 
lcksinpceandasttess2ven'swperone. te —— We took a significant but considered 
aerodynamic forces on the tail overwhelmed the My 
mechanism and folded the craft in half. gamble to develo a vehicle that could 

The investigation vindicated the engine, and the | h Sh a 
SS2's overall design, and VG have a brand new space Tep ace t e utt e 
plane ready to begin test flights in 2016. The original 
and simpler, rubber fuelled engine has improved and 
the tails have a new locking system to prevent early 
release. Even with these advancements, VG are not 
putting a timescale on when commercial spaceflights 
will begin, though it seems likely that it will be over 
ten years later than originally planned. But, better late 
than never. 

Though the SS2 will hopefully be carrying humans 
to space soon, it still can’t reach orbit, which requires 
a horizontal speed of 29 kilometres (18 miles) per 
second while in space. But there is one company 
who are working on a new generation of space 
plane that could reach this speed: Sierra Nevada 
Corporation (SNC) based in Louisville, Colorado. A 
long established supplier of aerospace hardware, SNC 
took on the Dream Chaser project when it bought 
a company called SpaceDey, realising the ageing 
Shuttle programme might present an opportunity. 

“We took a significant but considered gamble to 
develop a vehicle that could replace the Shuttle,” 
says Mark Sirangelo, the corporate vice president of 
space systems at SNC. “We took a blank sheet and 
considered how we would build the Shuttle in light 
of new technology and the Shuttle’s operational 


ASNC technician 





SS ae 4 
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. : 7 XCOR Aerospace's 
experience. So, Dream Chaser is designed to carry suborbital spacecraft, Lynx, 


the same amount of people and critical supplies as during its construction 
the Shuttle, but without the heavy cargo; it is about 
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Your trip into space . 


Virgin Galactic hope to be the first to offer trips into space, and they have already planned the experience... 


Getting ready for your space flight will be a little 
different to. other airports. Virgin Galactic will 
operate from Spaceport America in New Mexico, 


where they have built a dedicated terminal building. 


When you arrive at the Spaceport, the first process 
will involve health checks; SpaceShipTwo is 
designed to allow as many people as possible to be 
able to access space, but basic physical condition of 
passengers will need to be tested. Next there are 
three days of training. This will involve mock-iips 


Coastal or desert location ¢ 
“Rocket vehicles will always remain more 
é risky than aeroplanes because of the ‘ 
’ larger amount of energy packed into them. 
All the prospect spacepons peated 


“ape is a two-stage spaces 

Planes Wherea small rocket. > 

| planeis carried pt ia a 
) carrier USC age Sd White “ 


and simulations of the cabin and flight sequence - a 
bit more extensive than your,standard flight safety 
demonstration on board an aeroplane! 

Your flight will take off at dawn, slowly circling 
up attached to the carrier aircraft, White Knight 
Two. The Sun will rise'as you reach 15 kilometres 
(9.3 miles) altitude, where you will drop off the 


_ White Knight Two, fire the engine and pull up 


nearly vertical for a minute, as the engine roars and 


the sky turns black. Weightlessness will commence - 


Different 
Itis hoped that an 
of commercial systems | 
will all become available 
and we will see a diverse 
variety of space vehicles at 
the spaceports. 


— ® Runway 

Space planes need a runway 

as they are designed to make 
horizontal landings. SpaceShipTwo 
and Skylon would both be making 
horizontal take offs, too. 


~ 
> 


when the engine cuts, as craft and crew are all now, 
coasting up past 100 kilometres (62 miles) altitude at 
the same rate. 

You'll see the Earth spread out below and 
the curving black horizon, while experiencing 
around four minutes of weightlessness before the 
atmosphere starts to build up again on the way back 


* down to Earth. After a gentle 1.5 G re-entry, you will 


glide down for a runway landing and an aprés-space 
party with your fellow passengers. 


Reaching space 











* Space is only 100km (62mi) away. Straight 
. up, suborbital space planes willjust reach 
this altitude before falling back to Earth, 
parhercas orbital space| pisnes: must achieve 
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transport, not deployment.” While investig 
potential concepts, SpaceDev found a cancelled NASA 
lifting body programme from the 1990s called HL-20 
that had been intended as a space station lifeboat. A 
lifting body is a craft where the shape of the fuselage 
creates lift, rather than having separate wings, and 
HL20 w d on NAS. arch that stretche 
as far back as the 1960s. NASA granted SpaceDev 
permission to revive the HL-20 and develop it further, 
establishing the Dream Chaser's core design. 
SNC is pursuing Dream Chaser for a number 

of markets including state and commercial crew 
transport and free-flying research missions, both 
crewed and autonomous. But the immediate focus 
of the project is in producing an autonomous cargo 

' transport craft for N/ latest Space Station 


Cealweyis belainched from Cape Commercial Resuy ervices competition (CRS2). 
” Canaveral, and returning to a runway near “The CRS2 version has folding wings so it can 
the launch pad. be launched in a standard payload fairing that is 


used by both Atlas V and Ariane 5,” says Sirangelo. 
‘Also, whether we're flying people, or cargo, or lab 














aA ———_ ae experiments, we can bring Dream Chaser back to any 
eet } Special pro, lants runway that can take an Airbus A320. Our propulsion 
Rocket engines need both fuel and systems are nontoxic so the vehicle can be accessed 
a source of oxygen. New spaceports immediately, and it can fit in a normal transport 
will have to provide a range of these for return home.” 
for different spacecrafts, including ith features that minimise cost and maximise 


hydrogen, oxygen, nitrous oxide and 


= - convenience, SNC are confident about Dream 
hydrogen peroxide, as well as jet fuel. 


Chaser's future and an atmospheric test version is 
ready for flight testing in earl 16. SNC are working 
with Lockheed Martin who are current 
the spacecraft cabin at their fac in Fort Worth, 
Texas, and the first space capable version is expected 
to reach space in 2018. In the form of Dream Chaser 
we have a reusable orbital space plane that can 
seven people and land on a runwa' ever, it still 
needs to be stacked on top of an expendable rocket 
to get into space via a vertical launch. 

But what about the single stage airliner that can 
take off from a normal airport and fly to space and 
back in one piece? Well, perhaps unexpectedly, 
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SNC’s Dream Chaser is a 
reusable spacecraft that 
can land on a runway 


the UK is now home to the leading contender, the 
wonderfully named Skylon from Reaction Engines 
Limited (REL) in Oxfordshire. 

With a sleek, black Concorde-like appearance, 
Skylon is the leading concept for a single stage to 
orbit space plane. At a staggering 82 metres (269 
feet) in length and weighing 275 tons at launch, the 
Skylon space plane can carry 12 tons of payload into 
low-Earth orbit. The key enabling technology for this 
futuristic space plane is Synergetic Air Breathing 
Rocket Engine (SABRE), which REL have been 
developing for the past 25 years. The engine will run 
on liquid hydrogen and air or oxygen; when starting 
on the ground and flying within the atmosphere it 
uses the cold liquid hydrogen to cool down incoming 
air, which makes it possible to compress it into a 
rocket engine. Once above the atmosphere SABRE 
switches to on-board oxygen. This will reduce the 
amount of oxygen the space plane has to carry on 
board by 20 per cent, saving enough mass that 
Skylon can be built as one piece and be reused, just 
like an aeroplane - and just like the Orion III. 

After many years of fundamental research, REL are 
very confident in the potential of their technology. 
“Our immediate focus is the SABRE, and we are 
now moving from a research organisation to one 
involved in the detailed engineering development of 
the ground test engine,” says Mark Thomas, CEO of 
REL. “We aim to have that up and running by 2020, 
with engine-in-flight testing early next decade. The 
engine itself is airframe agnostic, it could be built into 
other designs too, and enable a whole new generation 
of aerospace vehicles.” Because Skylon would fly 
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multiple times like an aeroplane, it would make 
flying anything to space much cheaper. It's estimated 
that its launch would cost ten per cent of a current 
space launch. And, not only is Skylon cheaper, but it 
has been designed with a flexible payload bay that 
can carry anything, including a personnel module, 
potentially transporting 24 astronauts into space. 

Flying on Skylon would be a windowless affair, but 
it would be the most comfortable and the cheapest 
flight to orbit. With a horizontal runway take off and 
comparatively gentle acceleration to orbital speed 
over a longer period of time, once in orbit Skylon 
would manoeuvre like any other spacecraft, but it 
has an advantage when it comes to re-entry, too. It is 
much lighter for its size than any previous spacecraft, 
which allows it to start aerodynamic braking in 
thinner air, much higher up. This makes for a cooler 
and gentler return to Earth. And, once back in the 
atmosphere, Skylon will glide back to land on a 
Tunway - just like the aeroplanes that currently 
transport us all over the world. But, this craft can get 
you from London to New York in just 12 minutes! 

It's an exciting concept and one that has been 
gaining support from UK government funding 
and received positive feedback from the ESA and 
USAF. But, more importantly, it also opens up wider 
possibilities for future human exploration missions 
in our Solar System. Maybe by 2034 (as long after 
the year 2001 as Kubrick's 2001: A Space Odyssey 
was before it) you will finally be able to take a tour 
of Earth from orbit, or even venture further a field, 
and they're sure to add back seat screens so you can 
enjoy the astonishing views. @ 


“Not only is Skylon cheaper to run but 
it has been designed with a flexible 
payload bay that can carry anything” 
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Skylon would be able to 
carry you from London 
to New York via orbit in 
just 12 minutes 





Sir Richard Branson, the 
founder of Virgin Galactic 


www.spaceanswers.com 


@ Alex Pang: Sierra Nevada Corporation; UK Space Agency; Reaction Engines; Virgin Galactic; XCor 


WA’ 


OR 


< vag NOE ASURE-HUNTING TECH 
ee)» Te it 
LOOKING 


»ACKED, t rh 
WES, og eae 





Available 
from all good 
newsagents and 
supermarkets 


> 


> 
_—— ILLUSTRATIONS AMAZING FACTS 








Explerer’s Guide 


The most dangerous moon in our Solar System, 
a tortured world wracked with volcanoes and 
bombarded with radiation from nearby Jupiter 


lo is the fifth closest satellite of the giant planet 
Jupiter, and the innermost of the four major ‘Galilean’ 
moons - worlds so large they might be considered 
planets in their own right if they weren't trapped in 
orbit around the largest planet in our Solar System. 
Orbiting Jupiter in just 42 hours, Io is slightly bigger 
than our own Moon, but hugely different in many 
other ways. While our satellite has been geologically 
dead for more than 3 billion years, Io is home to 
violently active volcanism - huge plumes of erupted 
material arc high into its almost-airless skies before 
falling down to blanket the landscape, while volcanic 
fissures ooze sulphurous lava onto the surface, 
te-shaping it at a rate unseen on any other world. 

All this activity is driven by powerful tidal forces 
- as Io circles Jupiter, its distance from the giant 
planet varies by about 3,000 kilometres (1,865 miles), 


therefore the strength of Jupiter's gravity also changes. 


This pushes and pulls the moon's interior in different 
directions, causing rocks to grind past each other, 
generating huge amounts of heat to warm the interior. 


How to get there 


@ 2. Venus slingshot 
By allowing Venus's gravity to pull 
the spacecraft in before a precisely 
timed engine burst, the mission 
will receive a huge speed boost to 
send it onward to Jupiter. 





If Io were Jupiter's only major moon, then these 


tidal forces would have manipulated its orbit 
into a perfect circle long ago, but the repeated 


outward tug from its outer neighbours, Europa 


and Ganymede, prevents this from happening 
and ensures Io has no escape from heating. 
Another factor affecting Io's volcanism is 
the large amount of easily-melted sulphur 
in its crust. On Earth, volcanoes involve 
silicate rocks that melt at temperatures 
around 900 degrees Celsius (1,652 degrees 
Fahrenheit), and while Io does have some 
hot spots where this kind of activity 
occurs, most of the lava that oozes 
across its surface or erupts in its plumes 
consists of sulphur compounds that melt 
at far lower temperatures. Io's colourful, 
hellish landscape largely arises because 
sulphur and its compounds have a natural 
tendency to take on forms or ‘allotropes’ 
with varied colours and structures. 


© 3. Jupiter arrival 
Arriving at Jupiter, a well- 
timed engine burn slows 
down the spacecraft and 
puts it in an elongated, 
elliptical orbit around the 
giant planet. 
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©) 5. Rendezvous with lo 


Finally the spacecraft 
reaches an elliptical orbit that 
makes occasional flybys of 

lo - entering a direct orbit 

is impossible thanks to tidal 
forces, and dangerous thanks 
to the deadly radiation belts. 





A large-scale mission 

to Jupiter will likely be 
assembled in Earth orbit. 
In order to reach Jupiter 
as fast as possible, it will 
probably launch first 
towards Venus. 


@ 1. Earth departure _ 
— 


@ 4. Aerobraking 
One way of adjusting the mission's 
flight path is to dip into the upper 
layers of Jupiter's atmosphere, 
losing energy without burning 
precious rocket fuel. 
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How big is Io? 
lo’s diameter of 3,642 kilometres (2,263 


miles) is some 168 kilometres (104 miles) 
larger than the size of Earth's own Moon. 







, \ 
wy 3.642km 
— ~~ (2,263mi) wide 
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Earth's moon 
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How far is Io? 


At its closest to Earth, when both Jupiter and our own planet are on the same side of the 
Sun, the distance to lo can be as little as 588 million kilometres (365 million miles). But at its 
maximum distance, it can be as far away as 968 million kilometres (601 million miles). 


fe) Earth 
If Earth were the size of a 
basketball, lo would be the 
size of a tennis ball 
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Top sights to see on Io 


Io's volcanic activity is powerful and frequent enough 
that the moon's landscape is redrawn every few 
decades - each space probe that has flown past since 
the 1970s has found it looking significantly different. 
The longest-surviving features identified are Pele and 
Loki, each of which is a volcanic caldera with complex 
cracks in the crust, a lava lake of molten rock, and 
occasional ‘plume’ eruptions. 

Loki is a 200-kilometre (124-mile) depression 
whose fragile crust periodically collapses only to be 
resurfaced. Pele is a smaller caldera at about 30x20 
kilometres (19x12 miles) across, but produces more 
frequent outbursts - one of its plumes was the first 
sign of volcanic activity to be discovered on Io by 
Voyager 1 in its 1979 flyby. Io's plume eruptions, 


Tvashtar Catena 

Exposed lava on lo's surface usually solidifies rapidly, 

so NASA's Galileo probe struck it lucky when it 

photographed this glowing lava fountain in a chain of 
i volcanic craters. 


fo 
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Loki Patera 

This plume erupting above Loki was 
one of the first volcanic features 
found on lo, just weeks after the 
first predictions of an active moon 
were published in 1979. 
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some of which reach more than 300 kilometres 

(186 miles) into the sky, are thought to be driven by 
a process similar to Earth's geysers, as pressurised 
liquid sulphur boils off into the near-vacuum through 
weak points in the surface. As these compounds fall 
back to the ground and cool, their chemical structure 
Tearranges, creating a red, bruise-like ring around 

the caldera. Some of the plume material escapes into 
space, where it is swept up by Jupiter's magnetic 
field, forming a doughnut-shaped ring or ‘torus’ 
surrounding Io's orbit. 

In stark contrast to volcanoes found on the Solar 
System's inner planets, the lava of Io’s volcanoes 
spreads out rapidly across the terrain, and does not 
build up a cone around the volcanic fissure. 


Tohil Mons 

This 5.4-kilometre (3.4-mile) mountain is thought 
to have formed from a complex mix of processes, 
including volcanic eruptions, the erosion of earlier 
mountains and subsequent further deformation. 


Despite this, however, Io's terrain is far from flat. 
It features large, isolated mountains with an average 
height of around six kilometres (3.7 miles) - so tall 
that they must be composed of strong silicate rocks 
rather than weak sulphurous ones. These mountains 
are thought to be chunks of Io's deep crust, forced 
upwards by thrust-faulting - a collision between 
chunks of crust driven in opposite directions by 
currents in the underlying mantle, pushing one mass 
of rock over the other. The tallest mountains, known 
as Bodsaule Montes, lie just south of Io's equator and 
tower more than 17.5 kilometres (10.9 miles) above 
the lava plains - they have a multilayered appearance, 
as layers of solidified lava from countless sulphur 
eruptions have built up on the underlying rock. 


Pillan Patera 

Taken five months apart, these photos show how fast 
lo’s surface changes - the dark patch at the top right, 
created by an erupting plume from the small central 
volcano, is 400 kilometres (249 miles) in diameter. 
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Io's orbit 


Io's orbit around Jupiter is slightly elliptical, ranging 
between 420,000 and 423,400 kilometres (260,975 and 
263,088 miles) from the centre of the planet. Jupiter 
has an immensely strong magnetic field, and Io's 
5 proximity to the giant planet puts it right in the mi 
of a deadly radiation zone, where high-sp 
(many of which are plucked fro: 
atmosphere) are accelerated b 
Even robotic space probesi€a 
to linger in this regio 
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Engines Asteroid material 
The most likely engines for the Such big worldships 
space ark would be some kind of will have to be built 
fusion rocket, creating thrust and from material already 
power by combining light atoms available in space; they 


so that they release energy. 


Destinations 

Given an effective fusion 
rocket, these worldships could 
probably reach the nearest 
stars in decades to centuries, 
and data suggests that nearly 
every star in the sky has some 
neighbouring planets. 


could be hollowed out 
asteroids, or assembled 
from asteroid materials. 


Communications 

The worldship need not be 
isolated from humanity, 
and if we have these types 
of spacecraft striking out 
across the galaxy we will try 
our best to stay in contact. 





























Light source ; 
The space ark will be a closed 
cylinder travelling through 
interstellar space, so there 
won't be any natural sunlight. 
If heat is 

© «the “sun” 
huge bank of LEDs. 
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Potentially habitable worlds in the Solar System 


Mars 


So much has been said about Mars" 
potential habitability. As the fourth 
planet from the Sun, it sits at the edge 
of the habitable zone where conditions 
are almost right for liquid water to 
exist. Recent evidence has shown 
there.were once vast bodies of water 
on the surface billions of years ago, 
and there are still dribbles of water 
today. But we still don't know if it did, 
or still does, host life. 


Jupiter's moon Europa is one of the icy 
satellites believed to have a vast ocean 
beneath its frozen crust that extends 
several miles deep. Here, life would be 
protected from solar radiation, while 
Europa’s eccentric orbit around Jupiter 
pushes and pulls the core, providing 

a heat source on the seabed. Plumes 
from this ocean fire into space, and 

it is through these that we can send 
spacecraft to detect signs of life. 


The largest moon in the Solar System, 
recent evidence suggests Ganymede 
hosts an underground saltwater ocean 
beneath its icy crust. Importantly, 
Ganymede is the only moon with 

its own magnetic field, as on Earth 
our magnetic field keeps us safe 

from harmful solar radiation. Could 
Ganymede provide similar protection 
from both the Sun and Jupiter for its 
own potential microscopic inhabitants? 


Another moon of Jupiter's that could 
host an underground ocean, Callisto 
is the furthest of Jupiter's four large 
Galilean moons and it is subjected to 
the least amount of fatal radiation. Its 
surface‘appears to be ancient, with 
very little activity appearing to have 
taken place aside from asteroid and 
comet impacts, unlike Europa, whose 
surface lines indicate a constantly 
shifting crust from the water below. 


As little as a few decades ago, the suggestion that 
some moons or planets in the Solar System once 
hosted life, or perhaps still do, would have been 
met with heavy scepticism. Now, thanks to various 
robotic explorers, we know differently; there are 
several potentially habitable worlds in our Solar 
System alone. But the biggest question still remains, 
could one of these locations host existing life? We 
are getting close to resolving that question, and the 
answer - one way or another - will define our place 
in the universe. 

Essentially, the search for life in the Solar System 
boils down to three waves of exploration. The first 
wave, which included missions like the Jupiter- 
orbiting Galileo spacecraft and the Saturn-orbiting 
Cassini spacecraft, proved the existence of possible 
habitable worlds - most notably Europa, Enceladus, 
and Titan, in addition to others we now think were 
once habitable like Mars. 

The next wave of exploration is the one we 
are currently entering, with upcoming spacecraft 
including the ExoMars rover and the Europa 
Multiple-Flyby Mission (EM-FM) - are these worlds 
actually habitable and, if so, could we expect to find 
anything there? The final wave, which we could enter 
in a few decades, will be the most crucial of all - does 
life exist on other worlds in our Solar System? 

Before we get too carried away, it's important 
to address one key issue. We know that on Earth, 
wherever the conditions are suitable, life exists as 


single or multicellular organisms. From the frozen 
wastes of Antarctica to the bottom of the deepest 
oceans, life is abundant almost everywhere we look. 
It makes sense, therefore, that if we find other worlds 
with similar conditions, they too could host life. The 
only problem is, we don't exactly know what we're 
looking for 

“It is surprisingly difficult to find evidence of life,” 
Curt Niebur, lead programme scientist for NASA's 
New Frontiers Programme (including missions like 
Cassini and the EM-FM), tells All About Space. “We're 
not expecting to find a tree or a fish. The signs are 
going to be much more subtle.” 

What Niebur means by this is that any life in the 
Solar System is expected to be microscopic in size. 
We are unlikely to find a fish swimming in the ocean 
of Europa, or a mouse running across the surface of 
Mars. The reason is that, while places like this have 
the ingredients for life - water, a food source and 
a source of energy - none of them appear to have 
enough of any one of the three to sustain the larger 
macroscopic life we see on Earth. If there is life in 
the Solar System, it will be tiny. And, there isn't some 
magical instrument that can look at a sample from 
another world and say with certainty whether it 
contains microscopic life or not. When asked what 
we need to do to prove life exists on another world, 
Niebur responds: “We don't know. There's no single 
silver-bullet measurement you can look at and say 
there's definitely life there.” 


“ExoMars rover will drill past the cosmic 


radiation degradation zone to collect well 


preserved samples at depth” 
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But it’s not all doom and gloom. While there is 
no ‘life detector” instrument at the moment, we 
do know the basics in terms of what life should 
- or could - look like. “There may be some tricks 
available to future missions," says Steve Vance, leader 
of the Habitability team at NASA's Jet Propulsion 
Laboratory's Icy Worlds Astrobiology group. “Life 
creates particular suites of organic compounds, 
with preferred numbers of carbon atoms in each 
molecule, for example, and with specific right-handed 
versus left-handed orientations of the molecules, 
so called chirality. Life also tends to use the lighter 
versions of carbon and other atoms that make up its 
molecules, because these lighter isotopes take less 
energy to move. By contrast, organic materials seen 
on meteorites or in petroleum on Earth have more 
uniform distributions of carbon number, isotopic 
composition, and chirality.’ 

This is a more complicated way of saying that we 
know how to look for the signs of life and how these 
signs should behave. And so, with that in mind, this 
second wave of robotic explorers that will be taking 
place over the next few years will be looking for 
some of these biosignatures in order to at least point 
us in the right direction. 

One of the most exciting forthcoming missions is 
the European-led ExoMars rover, which is expected 
to launch in 2018 with the help of the Russian 
Federal Space Agency (Roscosmos). Among the suite 
of instruments to be included on the rover will be 
instruments to look for signs of past or present life 
on Mars, and it will also take the first ever drill to 
the surface of Mars. This will analyse a sample of 
material up to two metres (6.6 feet) beneath the 
surface, where there is expected to be liquid water 
This, as we know, is a key ingredient for all forms of 
life as we know it. 


www.spaceanswers.com 





By far Saturn’s largest moon, Titan 
is the only body in the Solar System 
other than Earthy known to have liquids 
on its surface. Unlike Earth, however, 
this liquid is not made of water but 
is composed of liquid hydrocarbons, 
methane and ethane, forming seas and 
lakes across the surface. For life as we. 
know it, it would be difficult to survive 
* in this environment. But what about 
life as we don't know it? * ; 
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Like the icy moons of Jupiter, 
Enceladus, too, appears to have a 
vast ocean beneath its frozen surface. 
Similar to Europa, it is thought to have 
hydrothermal vents at the bottom of 
this ocean, with vast plumes of liquid 
spraying out from the poles of the 
moon through cracks in the surface. 
The Cassini spacecraft recently flew 
through these plumes and scientists 
are awaiting the results in earnest. 
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It's not just Jupiter and Saturn that 


have so-called “ocean worlds”. Triton, * 


the largest moon of Neptune, is 
thought to have a rocky core and 
‘between this and the surface there 
could be an ocean of water. Triton is 
also one of the few moons that is still 
geologically active. With no mission 
to Neptune planned any time soon, . 
though, it will be-a long time before 
we find out how habitable it really is. 
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A surprise candidate, Venus is a ° 
hot and inhospitable world with 
surface temperatures approaching 
455°C (850°F). But billions of years 
ago Venus might have been more’ 
temperate before.it went through a 
runaway greenhouse effect - and a 
region of its atmosphere 55 kilometres 
(34 miles) above the ground has 
thé most Earth-like conditions of 
anywhere in the Solar System. 








“ExoMars 2018 is going after molecular signatures 
of past life from very early in the planet's history, 
around 4.4 to 3.8 billion years ago,” Jorge Vago, the 
ESA's ExoMars project scientist, tells All About 
Space. “The rover will drill past the cosmic radiation 
degradation zone to collect well preserved samples at 
depth. It has a maximum penetration of two metres 
(6.6 feet) - a big deal since the deepest we have gone 
so far is less than ten centimetres (four inches)” 

Vago continues, “We need to target an ancient site 
known to have harboured lots of slow circulating 
water for prolonged periods. Fortunately we know 
of such places and we have recently selected one for 
the 2018 launch opportunity: Oxia Planum, in the 
Chryse Planitia region. The rover is also equipped 
with next-generation instruments for mineralogy and 
organics detection. It will be an amazing mission, full 
of interesting firsts.” 

A lot of firsts indeed, but not first for everything. 
There has actually been a search for life on Mars 
before: The Viking landers in the 1970s. They both 
conducted biological experiments to search for 
signs of life, with mixed results - amid a number of 
limitations on the instruments. “Our knowledge of 
astrobiology, life on Earth, has advanced considerably 
since then," says Niebur. “Viking didn’t jump the 
gun, it did the best it could do with the state of 
science at the time. But we've learned a lot more 
since then.’ And it is with that additional knowledge 
that missions like ExoMars will perform a more 
advanced search for life. One particularly intriguing 
instrument on board will be the Raman Laser 
Spectrometer, which will use a process known as 
Raman spectroscopy on another world for the first 
time. This can provide information about molecular 
vibrations, which can be used to identify molecules 
in a given sample or location - and possibly hint at 
the existence of life. 

“This has proven itself to be a very versatile and 
sensitive technique on Earth," says Lewis Dartnell 
from the Space Research Centre at the University of 
Leicester, who is also working on the Raman Laser 
Spectrometer on the ExoMars rover. “It can be used 
to detect explosives or art forgeries, for example, 
and is able to detect hardy microbial life surviving 
in Mars-like environments on Earth, such as the 
Atacama Desert in Chile.” 

This isn’t quite the highly sought after “life 
detector" instrument we mentioned earlier, but its 
pretty close. If ExoMars can find life-like molecules 
on Mars similar to ones on Earth, why shouldn't 
we think Mars is - or was - habitable? It may be 
that there is existing life on Mars or there could be 
fossilised microbial life hidden in the rocks. In fact, 
such an event sparked a worldwide media storm 
back in the 1990s. In 1996, scientists announced 
that a meteorite called Allan Hills 84001 contained 
evidence for microscopic fossils. Such was the 
intense speculation at the time that President Bill 
Clinton made a televised statement on the prospect 
of alien life being found. “Today, rock 84001 speaks 
to us across all those billions of years and millions 
of miles,” says President Clinton. “It speaks of the 
possibility of life. If this discovery is confirmed, it 
will surely be one of the most stunning insights into 
our universe that science has ever uncovered. Its 
implications are as far-reaching and awe-inspiring 
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Heat shield is 
The heat shield bears the S! 


brunt of atmospheric entry, 
slowing the spacecraft 

to a speed of 1,650km/h 

(1,025mph) at 11km (6.8mi) 

high before it is jettisoned 

at 7km (4.3mi). 


spacecraft, while radar is 
used to track the position 


Parachute 

The parachute is 
deployed and slows 
the main body of the 


Mle 
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on the Martian surface. 


Hunting for life on Mars 


How this European-led mission will search for signs of life on the Red Planet 


ExoMars is set to be the first European-led rover 
to land on the surface of Mars. Its launch on a 
Russian rocket is scheduled for 2018 and, despite 
concems that this might slip back, this would 
allow for a Mars landing in 2019 with the help of a 
Russian-built lander 

Compared to NASA’s Curiosity rover, it weighs 
about 600 kilograms (1,320 pounds) less at 
310 kilograms (680 pounds), and it will rely on 
solar power while Curiosity has a nuclear power 
source - plutonium-238. The biggest difference, 
though, is their goals. While Curiosity was sent to 
ascertain the habitability of Mars in the past and 
present, ExoMars will be directly searching for the 
possibility of life on the Red Planet today. 


Solar power 

The solar panels on the autonomous 
ExoMars rover will produce 1,200 
Watt-hours of energy, while a 
battery will store the solar energy 
colleeted by the panels. 
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Raman Laser 

Spectrometer 

This instrument will 

perform the first Ramon 
Spectroscopy on another 

world, which will study the 

vibrations of:molecules 

to determine their 

characteristics. 
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Drill 

The rover will.drill further. 
underground than any 
Martian mission before 
it, collecting samples up 
to’a depth of2m (6.6ft). 


a 
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The suite of instruments on board ExoMars 
includes a drill, which will obtain samples up to 
two metres (6.6 feet) below the ground, where 
liquid water could be abundant. Other instruments 
will look for biosignatures of life, and even attempt 
to find microbes that are life-like. 

The rover is to be preceded by the Trace Gas 
Orbiter (TGO), launching in March 2016, which will 
serve as its communications link with Earth, The 
TGO will also carry a demonstration lander called 
Schiaparelli, to test the technology - a parachute 
and thrusters - that will enable the rover to land 
on the Red Planet at a preferred site called Oxia 
Planum two years later, which is thought to be rich 
in clays shaped by water 


Camera 


at 4 On the top of the rover is a 


panoramic camera, which will 
take images of the surrounding 
clay-rich locale on the Red Planet. 





Wheels 

With its six wheels*the rover will 
bexcapable of travelling.up to 
100m (330ft) per day with a pre- 
programmed destination sent by 
ground control. 
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Operations 
The Trace Gas Orbiter will 
arrive at Mars in 2017 and. 
will study the Martian ~ 
atmosphere for at least 
one Martian year (687 °. " 
Earth days). It will also ~S 
serve as a relay satellite > 
for the ExoMars rover. 





We 


The parachute and rear 
heat shield are jettisoned 
at 1.3km (0.8mi) above 
the ground, when a liquid 
propulsion system kicks in. 








Ramps 

Once the craft haS¥anded:safély, the 
surface platform lander will unfold. 
and deploy the ramps. This will 
create an octagonal shape, allowing 
the rover to drive onto the surface 
of Mars and begin its exploration. 
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FREND 

The Fine Resolution Epithermal 
Neutron Detector (FREND) will map 
hydrogen on the surface up to one 
metre (3.3 feet) deep, helping locate 
water-ice underground. 


Cassis 

The Colour and Stereo Surface 
Imaging System (CaSSIS) will, as its 
name suggests, take images of the 
Martian surface at a resolution of 
five metres (16 feet) per pixel. 


NOMAD 

The Nadir and Occultation for Mars 
Discovery (NOMAD) instrument will 
measure the amount of methane in 
the Martian atmosphere. 


Xe) 

The Atmospheric Chemistry Suite 
(ACS) will study the chemistry of 
the Martian atmosphere, and also 
investigate its structure. 


Airbag 

The ExoMars rover features a 
crushable structure for a safe 
landing. This will act like an 
airbag and crush on impact in 
order to cushion the blow for 
the spacecraft. 





Landing 
The liquid propulsion system will 
slow the spacecraft to less than 
2km/h (1.2mph) at a height of 2m 
(6.6ft). The vehicle then drops 

to the ground, with its crushable 
structure absorbing the impact. 
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@ Viking 1 and 2 
Launched: 1975 
Destination: Mars 
Notable findings: 
Controversial signs 
of life on Mars 





@ Venera probes 
Launched: 1961-1984 
Destination: Venus 
Notable findings: Earth- 
like conditions on Venus 





Searching for life 


@ Mars 2020 rover 
Launch date: 2020 
Destination: Mars 
Mission objectives: 
Investigate past/ 
present life on Mars 


@ Curiosity 


Launched: 2011 
Destination: Mars 
Notable findings: Past 
habitability of Mars 


@ Galileo 
Launched: 1989 
Destination: Jupiter 
Notable findings: Icy 
moons of Jupiter 


@ ExoMars rover 





Launch date: 2018 
Destination: Mars 
Mission objectives: 
Search for life on Mars 





@ Jupiter Icy Moons 
Explorer (JUICE) 
Launch date: 2022 
Destination: Jupiter 
Mission objectives: 
Investigate Ganymede, 
Callisto and Europa 





@ Inactive 
®@ Active 
@ Future 


@ Enceladus Life Finder 
Launch date: TBC 
Destination: Enceladus 
Mission objectives: 
Investigate the habitability 
of Enceladus 


@ Cassini-Huygens 
Launched: 1997 
Destination: Saturn 
Notable findings: Bodies 
of liquid on Titan, 
plumes on Enceladus 


@ Rosetta 
Launched: 2004 
Destination: Comet 67P/ 


@ Voyager 2 
Launched: 1977 
Destination: Outer 


@ Europa Multiple- 
Flyby Mission 
Launch date: 2020s 


Destination: Europa Churyumov-Gerasimenko Solar System 
Mission objectives: Notable findings: Organic Notable findings: Triton, 
Investigate the molecules on a comet icy moon of Neptune 


habitability of Europa 
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as can be imagined. Even as it promises answers to 
some of our oldest questions, it poses others even 
more fundamental." 

Teams of scientists subsequently tore apart the 
research, however, and by the turn of the century the 
initial hypothesis was deemed extremely unlikely. 
This highlights just how difficult it is to find or 
disprove life - but it also highlights the intense desire 
around the world for this ultimate question to finally 
be answered. 

“Who will believe you when you claim to have 
detected signs of life? The answer is, not many 
people,” explains Vago. “We can realistically aspire 
to perhaps making a possible detection of past life, 
but confirmation will likely require bringing samples 
back to Earth for analysis.” 

It is not just ExoMars that is of interest, though. 
As mentioned, at least two other worlds in the 
Solar System - Jupiter's moon Europa and Saturn's 
Enceladus - are believed to have vast oceans of 
water beneath their icy surfaces. Recently, NASA's 
Cassini spacecraft flew through a plume of ejected 
material from the subsurface ocean of Enceladus 
to make a primitive analysis, but the results of 
that flyby are still being analysed. But, in the next 
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decade, new missions will launch that will ascertain 
the habitability of worlds like this in detail. Of great 
interest is the Europa Multiple-Flyby Mission (EM- 
FM), which will receive a more formal name like 
Cassini nearer its planned launch date in the 2020s. 
This spacecraft will perform 45 flybys of Europa, 
conducting a detailed study of the moon and its 
surface. There is a possibility that the spacecraft will 
include a lander to touch down on the ground, and 
while this is unlikely to directly sample the ocean 
underneath, it could provide an unprecedented 
glimpse at another habitable world like Earth. There 
is one big red flag we haven't addressed yet, though: 
planetary protection rules. The issue is that, if worlds 
like Europa and Mars are so conducive to life, then 
accidentally transporting Earth-based life forms there 
on a spacecraft would likely allow them to thrive, and 
might mean that a future detection of life is not alien 
- but merely a traveller from our own world. 

“I do not want to spend 20 years getting a 
mission to the ocean of Enceladus or Europa off the 
ground, and get there to discover Earth life from 
us,” says Niebur. “I could do that just by walking out 
of my back door.” Under guidelines drawn up by 
the Committee on Space Research (COSPAR), any 


"Tf life arose independently twice in just 
one Solar System, it would suggest there 
could be life everywhere” 


The Cassini 
spacecraft has 
taught us much 
about Saturn's 


moons to date 2 
~% 
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Curiosity continues to find 
evidence that Mars was once 
habitable, or still is today 


locations that could potentially host life - such as 
regions on Mars with liquid water - are deemed to 
be “special regions’, where a lander can only go if 

it meets extremely strict sterilisation rules. These 
regions would be off limits to humans, owing to the 
huge amount of microbes and bacteria we carry, 
unless the rules are changed. There are obviously 
good reasons and intentions for these rules. Some 
have bemoaned them, but they highlight how, in our 
continuing search for life, we must be careful not to 
get carried away and accidentally contaminate an 
area that would otherwise be of huge interest. 

Perhaps the greatest question of all, though, is 
why? What makes the search for life in the Solar 
System so important? If we find a handful of tiny 
microbes underneath the frozen surface of Europa, 
does that really mean anything important? Yes. Yes 
it does. The implications of at least one other world 
independently developing life in the Solar System 
would be huge. 

“If the conditions for life exist beyond Earth 
but life did not arise there, it suggests that life is 
extraordinarily precious in our universe,” says Niebur. 
“But if life arose independently twice in just one solar 
system, to me, that would suggest that based on 
there being trillions of trillions of solar systems in our 
universe, there could be life everywhere.” 

Whether there is life or not remains one of the 
great questions of human history. But we are now 
closer than ever to finding out - and the results from 
upcoming missions like ExoMars and the EM-FM will 
pave the way to an answer, one way or the other, @ 


Rosetta flight director, Andrea Accomazzo 
DP). (left), receiving-confitmation that Philae 
aay successfully landed on ii 67P 
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Images from NASA‘s LRO reveal 
suspected caverns on the Moon 


OLAR SYSTEM 


Are there 
caves on the 
Moon where 
we could live? 


Todd Harris 
Galaxies in the early universe There's no conclusive evidence 
sive off light that indicates for caves on the lunar surface, 
heavier chemical elements but photos from the Japanese 


m thet Greet (Pictured), mn SELENE and American Lunar 
comparison to galaxies nearby 


Reconnaissance Orbiter (LRO) 
[« DEEP SPACE] missions have indicated that 
$ caverns may exist on the Moon. 
- If caves do exist, they could make 
What fale) the galaxies jaceyent idats a Suitable location for a Moon 
+ 4 base. The surface temperatures 
early universe ifere)te like now? vary between 120 degrees Celsius 


(248 degrees Fahrenheit) in direct 
Shaun Allen the youngest, so technically, they are for sure and, as such, we're unable sunlight and a freezing -150 degrees 


We can only really speculate. Since galactic as we see them. to get a good handle on how these Celsius (-238 degrees Fahrenheit) 
light emitted from galaxies takes a Given our understanding of how distant galaxies might have evolved during the lunar night. But, inside 
long time to get to us - millions, if galaxies grow and evolve, it's thought into the ones we see nearby. We can, a cave temperatures should be -40 
not billions, of years in fact - we only that the early galaxies could look like however, get some hints by studying to -30 degrees Celsius (-40 to -22 
see the galaxies as they used to be. the galactic structures that are closest the galaxies at intermediate distances degrees Fahrenheit), which would 
The most distant galaxies are also to us. Unfortunately, we don't know from us. GL be much easier to deal with! SA 


@’- SOLAR SYSTEM 


What would happen 
if astar passed our 
Solar System? 


John Ray 
A passing star would cause big 
problems for Earth. The foreign star's 
gravity would disrupt some of the 
objects in the Solar System, potentially 
sending them hurtling towards our 
planet. It is believed that a dim star 
passed close by to our planetary 
system and through the outer edge 
of the Oort Cloud about 70,000 ye. 
ago. Although close by astronomical 
standards, this put the star at 8 trillion 
kilometres (5 trillion miles) away. 
It's possible that a star could pass 
close to our Solar System in the future, : 
but, it’s unlikely to be anytime soon. Adim star passed close by to our 
Scientists have found that there are planetary system and through the 
some stars whose movements could outer edge of the Oort Cloud about 
potentially bring them closer to us 70,000 years ago 
within the next few million years. JB 
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Despite its name, the 
Big Bang wasn't a 
tremendous explosion 





Late summer through to early 
autumn is the best time to observe 
the Milky Way 


Can I see the Milky 
Way all year roun 
in the Northern 
Hemisphere? 

Stephen Pink 

No, the best time to catch the Milky 
Way in the Northern Hemisphere is 
during late summer and leading up 
to early autumn. During this time, 
our galaxy’s brightest areas can be 
found running from the southwest 
sky through to the northeastern sky. 
You should also be able to identify a 


beautiful arch, which spans overhead. 


During the spring, the Milky Way 
appears to run along the horizon 
and is blocked out by a much denser 
atmosphere close to the horizon, 
making it difficult to see the Galaxy's 
delicate dusty trail. Even under 
dark and clear skies, you would still 
struggle to pick out our Galaxy in the 
Northern Hemisphere. GL 





ere a Noise whe 
exploded into existence? 


Carlos Bennett 

No, sound is unable to propagate 
through space as there are no particles 
to carry it. Despite its name, the Big 
Bang wasn't a tremendous explosion: 
there was no catastrophic noise to 
accompany the birth of the universe. 
According to our current theory, the 


universe started out much hotter 
and denser than it is today, before 
expanding and cooling over time. It 
initially existed as a single point of 
infinite temperature and density. 
An explosion implies that the it's easy to make the connection, even 
universe began from a centre pointand _ though the dynamics are different 
moved outward into space - of course, compared to a standard outburst. GL 


this isn't exactly how the Big Bang 
played out. However, scientists can 
understand why many refer to it as a 

great explosion - the universe doubled 
in size every fraction of a second, so 





Q Many astronomers believe that, 


over time, dark matter has been 
Do all eee oe 
astronomers 

believe dark 

matter exists? 


Fern Lane 

The majority of the scientific 
community does believe that dark 
matter explains the ‘missing mass’ 

in the universe. However, there are 

a smaller number who subscribe to 

a rival theory - Modified Newtonian 
Dynamics. As its name implies, MoND 
proposes that Newton's law of gravity 
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must be changed in order to ex roa 
the missing mass in our universe. 
Proposed by Mordehai Milgrom 
in 1983, MOND only works when the 
gravity of an object is large. But, by 
Milgrom’s admission, it may not hold 
up when the acceleration of gravity 
is small. In comparison, dark matter 
seems to account for the missing 
matter in the univ ithout having 
to modify any laws of physics. De: 
this, some scientists support MOND. 
Even Vera Rubin, who found the first 
direct evidence for dark matter, leans 
towards this idea. GL 
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travel into deep space? 


of propulsion systems. According to tomography, or CT scan, once every five 

deep space travel, measurements from the Mars Science or six days. From this, scientists believe 
we believe the answer to sufficient Laboratory, which it took during its that a ‘storm shelter’ fixed to the craft 
protection - on top of the standard 253-day journey to the Red Planet, the would assist with stopping particles 
shielding of a spacecraft and a water amount of radiation - in the form of from the Sun during a low solar cycle, 
tank around the astronaut’s cabin - is to deadly cosmic rays and energetic solar but, cosmic rays have such high energy Any future venture 
travel faster through space so astronauts _ particles - that would be accumulated that they could easily seep through a into pat te a nee. 
are exposed for a shorter length of time. by the human body is the equivalent chunk of aluminium just 0.3 metres pe sera he 
This relies heavily on our advancement to getting a whole computerised (one foot) thick! JB propulsion systems 


Does life 
really come 
from comets? 


Keith Moore 
=) There are theories that water on Earth, as 
well as the chemical building blocks of life, 
ty have been delivered to our planet in it's 





Comet Hartley 2 (above) comes 
from the distant Kuiper Belt 
and contains water with the 
same chemical signature as 

water in Earth's oceans 


(5) 
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What would the Sun look like from other planets? 


Jamie Holland 

The way that we experience the Sun in our daily 
environment is not normally something we ever stop 
to consider - it is just there, as consistent as gravity. 
You might expect the Sun to be very similar from the 
surface of the other planets in our Solar System, after 
all, we're all going around the same star, but since our 
Solar System is so vast, the Sun varies in appearance. 
Illustrations and models of the Solar System pack 
the planets neatly together so that we can see the 
planetary order, but Mars’ orbit averages at 1.5-times 
further from the Sun than ours, by around an extra 
75 million kilometres (46.6 million miles). 

Meanwhile, Jupiter is five-times further from the 
Sun, Saturn is 9.5-times, Uranus 19-times, Neptune 
30-times, and Pluto is 39-times further away 
respectively. Standing on the surface of the terrestrial 
planets, or even floating around the atmosphere of 
the gas giants, we would see the Sun very differently. 


ed ; 
Mercury 


Mercury is 2.5-times closer to the Sun than Earth, 
and is a bare rock with little atmosphere that sees 
temperatures of up to 400 degrees Celsius (752 
degrees Fahrenheit). Here, the Sun appears 2.5-times 
larger as a brilliant white ball dominating the sky - 
and makes the surface unbearably hot and bright 
Venus’ orbit is the closest to Earth's at 72 per cent the 
size, so here the Sun would appear just a little larger 
than in Earth's skies - though most sunlight never 
teaches the surface due to its total and continuous 
cover of acidic clouds. 

On Mars, our various rovers have captured many 
images of the sky, including orange daytime skies 
and blue-tinged sunsets. This is due to the different 
mix of gas and dust on the planet compared to that 
of Earth. The Sun appears around 37 per cent smaller 
than we see it on our planet, and provides lighting 
that compares to a cloudy afternoon here on Earth. 
As Jupiter has no surface, we are unlikely to get 


Mars 


images from within its atmosphere anytime soon, 
but the Sun here appears only a fifth of the size and, 
given the mix of gases, the sky is thought to appear a 
deep blue. Meanwhile, at Saturn, the Sun is about half 
the size again, but it is still visible as a disc and still 
bright enough for NASA's Cassini probe to look back 
at our star. 

Moving out to Uranus, the Sun is starting to reach 
the limit at which our eyes would be able to resolve 
it as a disc, and from Neptune and Pluto, the Sun 
appears as a bright point of light. Even on dwarf 
planet Pluto, where the Sun is a star amongst stars, it 
would still be about 250-times brighter than the full 
Moon and painful to look at. 

It is surprising to consider that, even within the 
familiar planets of our Solar System, the Sun can look 
so different; but also a graphic demonstration of its 
power, since it remains so bright, even at 5.9 billion 
kilometres (3.7 billion miles) away. RH 


Jupiter Saturn 





So close to the Sun and 
with little atmosphere, 
Mercury sees the Sun 
as a brilliant white-ball 
dominating the sky at 
2,5-times the size that 
we're used to. 


uestions to... @ @spaceanswers 


From Venus the Sun 
would appear only 
slightly larger than here 
on Earth, but the surface 
of Venus itself never 
sees the Sun due to 
continual cloud cover. 


The familiar yellow tinge 
and red-orange sunsets 
of Earth (and blue sky) 
are a result of the blue 
light being scattered 
out of the Sun's mostly 
white light. 


aes 


Mars has orange skies 
during the day and 
features blue-tinged 
sunsets. This is due to 
the different mix of gas 
and dust that is found in 
its thin atmosphere. 


4'y 


Jupiter has no surface to 
observe the Sun from, 
but an airship floating 

at the level of Earth's 
atmospheric pressure 
would see the Sun at a 
fifth of the size. 


On Saturn, the Sun is 
still visible as a disc. The 
bright light from the 
Sun reflects brilliantly 
off Saturn's ring 
system, illuminating the 
Saturnian night. 
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For 12 hours in 2006 while orbiting 
Saturn, NASA's Cassini space probe 
drifted into Saturn's shadow; looking 
back at the planet it captured this 
amazing solar eclipse. Saturn easily 
covers the Sun's disc (unlike Earth's 
solar eclipses where the Moon and 


Uranus 

Here, the Sun reaches 
the limit at which our 
eyes can resolve it as a 
disc. Only the sharpest 
eyes would be able to 
discern it as a disc rather 
than a point of light. 


Neptune 

At Neptune, the Sun 

is no longer visible to 
the naked eye as a disc. 
Instead, observers from 
Neptune would see the 
Sun as a bright point of 
light in the sky. 


Sun pretty much match) but light 
bends through the atmosphere, 
lighting the edge of the disc. Light 
reflecting off the ring system 
brightens the night side of Saturn, 
and the rings scatter or block light 
depending on their composition. 


Pluto 

39-times further from the 
Sun than Earth, the Sun is 
seen as a brilliant point of 
light, at around 240-times 
brighter than our full 
Moon on Earth. Viewing 
would still be painful. 
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Interview Stargazing Live 


Behind the scenes 
of Stargazing Live 


We caught up with one of the producers of the popular stargazing 
show to find out what happens when the cameras stop rolling 


Interviewed by Gemma Lavender 


: 3 Sess 
Stargazing Live brings the delights of astronomy 
into your living room and tackles some of the bigger 
questions and cosmic mysteries 





Keaton Stone 
Keaton is a producer of 
Stargazing Live as well 

as programmes such as 
The One Show, Meet The 
Superbrains, Dara Meets 
Stephen Hawkingand 
Space Live. You can follow 
him on Twitter 
@Keaton_s. 





You were a key personin producing Stargazing 
Live, Were you nervous about putting together a 
show that had never been done before? 

There were a lot of potential issues that could have 
been problematic to us - the live link could have gone 
down, props may not have worked and, of course, the 
all-powerful Cloud Gods may have decided not to 

play ball for the entire three nights we were live! So, to 
cover ourselves, we had contingency plans ‘on top’ of 
contingency plans. Luckily, we were pretty fortunate - 
and thus the phenomena now known as the ‘Stargazing 
Luck’ has pretty much stayed with us through the fifth 
series so far - fingers crossed! 


What inspired Stargazing Live? 

Well, I'd absolutely cite the late great Sir Patrick 
Moore and the success of The Sky At Night for over 
five decades in showing there is a real passion for 
space and astronomy in the UK. This was, of course, 
enhanced immeasurably when Brian and the ‘Cox 
Factor’ exploded, which brought the delights of 

the heavens into living rooms across the nation at 
peak time, with his space-themed Horizon episodes 
and groundbreaking series, Wonders Of The Solar 
System. The original idea was ‘Wonders Of The Solar 
System Live - a cross between The Sky At Night and 
Springwatch - but as time went on, the show developed 
into its own beast and so Stargazing Live was born. 


You've helped to produce Stargazing Live fora 
number of years. What would you say has been 
your most memorable experience? 

That's such a tough question, as I'm very lucky to have 
built up quite a few by now! Visiting various NASA 
sites with the brilliant Liz Bonnin and meeting many 
of my astro-heroes, getting up-close and personal to 
the Curiosity Rover's twin in the Mars Yard at JPL, 
escorting Eric Idle around NASA and prepping him for 
the show, seeing the James Webb Telescope being built, 
getting to see probes being assembled in clean rooms, 
accompanying Buzz Aldrin to Stonehenge and him 
taking a shine to a particular item of cosmic-clothing 

of mine and keeping it for himself - later followed by 
him giving me a number of personalised signed photo's 
by way of thanks. Visually explaining to the series 
producer how we only ever see one side of the Moon 
from Earth and the euphoric eureka-like moment when 


he ‘got it’ filming with Jonathan Ross, who is such a 
humble and nice guy plus a complete professional. Also, 
being the on-screen ‘live-tweeter’ for Back To Earthon 
series two, hanging out with Astronauts Tim Peake, 
Eugene Cernan, Walt Cunningham and Chris Hadfield 
and, of course, just the joy of working with an amazing 
team, right from the production side to the live crew 
and presenters. It really is something special being able 
to work on such an incredible show, particularly when 
the subject matter is one we're all so passionate about. 


Could you describe a “day in the life” of a producer 
of Stargazing Live? 
On the live days it is literally all systems go! We're up 
early for breakfast and then the majority of the team 
head to Jodrell Bank Observatory to set things up and 
test cameras and communications, arrange deliveries, 
source last minute props, fact-find for items that may 
have been newly introduced into the show at the bar 
the previous night, whilst the people mainly involved 
in the show's content stay behind for a script meeting 
in one of the conference rooms. Present in this meeting 
will be the head of BBC Science, the executive and 
series producers, various other producers, the live 
show director and gallery assistants - and, of course, 
the presenters. This will last for a couple of hours after 
which the final scripts and running orders are emailed 
over to the production team at Jodrell Bank and begin 
to be printed out (something which takes a long time 
with so many people involved and needing copies). 
Everyone who stayed behind for the meeting will 
then also decamp to Jodrell - usually in time for a quick 
bit of lunch before it’s straight into rehearsals for the 
evening show. These will go on for a few hours at a 
relaxed pace for everyone to really learn where they are 
supposed to be and what they are saying, before a spot 
of dinner followed by a full dress rehearsal in real-time a 
couple of hours before we go live. During the broadcast, 
producers are either sat in the gallery and frantically 
finding out further information or facts on anything 
that has happened to come up during the show, or are 
helping escort the presenters to wherever they need 
to be next, or they are looking after some of our space 
VIPs! After the show, it’s time to pack as much down 
as possible and catch one of the two coaches laid on to 
take everyone back to the hotel and meet up in the bar 
for the traditional - and all-important - post-show pint! 
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What's it like working with Brian Cox and Dara 
O'Briain behind the scenes? 
I've filmed with Brian for both Stargazing Live and 
The Sky At Night over the last few years and clearly 
S an honour to w ith someone who is 
considered - or without doubt certainly will be in time 
one of the greats of s 
there with Carl Sagan and David Attenborou 
actually pretty fun to be around and often crack 
jokes but at the same time is deadly serious about what 
he is talking about on-screen. 
The curse of filmmaking often involves lots of 

different takes and retakes from different angles 
he's not the biggest fan of - if he could just deliver his 
mind-blowing science straight to camera in one go 
then he'd probably prefer to, but then we'd have some 
very short films! It’s also especially nice for me to be 
around such an oracle of astro-knowledge and be able 
to ponder some of the big questions with him, as it's not 
really something I get the chance to do with my friends! 

yorked with Dara on both Stargazing Live and a 
documentary where he met his hero Stephen Hawking 
and he is always fantastic to be around. As well as his 
genius sense of humour, he is intensely passionate 
about science. Before he was a comedian he was 
studying maths and theoretical physics, so make no 
mistake this is a clever guy - and it really shows. But, 
aside from his genius wit and scientific acumen, he's 
just an all round great bloke to be in a pub with! 
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Stargazing Live 


se Stargazing Live's 
presenters Brian Cox, 

Dara O'Briain are both 

passionate about space 

and the night sky 






Stargazing Live has inspired people to look up. 
How doesit feel to be involved in such a successful 
programme? Did you think it would be this iconic? 
It feels fantastic to have been involved in something 
that's made a real impact in the real world off-screen. It 
seems year after year the big stores report that they 
have completely out of telescopes, planisphe 
and astronomy ma es after the series has aired, so 
the show is clearly inspiring people to ‘look up’, which 
is all we ever really hoped it would do. It goes much 
emails 
y decided 
it A level or even as their degree as a 
direct result of getting ‘turned on’ to the subject by the 
series! To hear that Stargazing Live has had a direct 
and positive effect on people is truly humbling for the 
entire team, of course, and goes to show that there is 
something pretty ‘special’ about it - and that it is far 
more than just another television show! 
I don't think anyone could have predicted the show 
would become this popular. If I remember correctly, 


Behind the scenes at Stargazing Live 











the original plan was for a one-off extravagai 

there happened to be a rare triple treat of celestial > | is 

events occurring over a three-day period in 2011. When ee _ 

we got confirmed for a second series and discovered The liveastronomy . 
there wouldn't be anything as fortunately timed the show was originally 

following year, it really allowed the show to evolve scheduled to broadcast 

and tackle some of the bigger questions and cosmic for just three nights 


mysteries that may not be visible with the naked e 
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What's in the sky? Deep sky challenge 
Conjunctions, comets and Take a tour of the nebulae found Conjunction 
asteroids are just some of the in the constellation of Orion the between the 
targets visible from your location hunter this month Moon and Venus 

in Ophiuchus 

This month's planets The Northern 
Find out where and when to see Hemisphere 
Mercury, Venus, Mars, Jupiter, A variety of night-sky targets await 
Saturn, Uranus and Neptune observers of the winter heavens 

Polar align Me & My 
your telescope Telescope 
Set up your scope correctly for We showcase the best of your 
easy tracking and great images astrophotography images 

Moon tour This month's naked 
The crater Plato is an excellent eye targets 
target for keen lunar observers The night sky Offers gtéat objects 
this month even for those.without a telescope 

Photograph the Moon Telescope and Conjunction 
with your smartphone kit reviews between the 
Learn how to take great imagesof We test the new Celestron Omni Moon and Jupiter 
the Moon using your mobile device XLT AZ 102 refractor this issue in Leo 

- Mercury is visible 
/ <a : in the dawn sky 


as it reaches its 
greatest western 
elongation 
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Conjunction 
between Venus 
and Saturn in 
Ophiuchus 


Comet 204P/ 
LINEAR-NEAT 
reaches its 
brightest at 
magnitude +12.8 
in Cancer 


Conjunction 
between the 
Moon and Mars 
in Libra 


Conjunction 
between the 
Moon and Uranus 
in Pisces 
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Comet Catalina 
(C/2013 USI0) 
reaches its 
brightest at 
magnitude +4.8 
in Bodtes 


Conjunction 
between the 
Moon and Uranus 
in Pisces 


Conjunction 
between the 
Moon and Saturn 
in Ophiuchus 


Asteroid 5 
Astraea is 

well placed for 
observation 

in Leo 


A Rare Photographic History | 


Comet 116P/Wild, 


also known as 
Wild 4, reaches 
magnitude +12.4 
in Libra 


Comet 
PANSTARRS 
(C/2014 W2) 
reaches its 
brightest at 
magnitude +12.1 
in Draco 
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Naked eye 


&® Binoculars 


Small telescope 
Medium telescope 


Large telescope 
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Jargon buster 


An alignment of celestial objects at 
the same celestial longitude. The 
conjunction of the Moon and the 
planets is determined with reference 
to the Sun. A planet is in conjunction 
with the Sun when it and Earth are 
aligned on opposite sides of the Sun. 






Opposition 

When a celestial body is in line with 
——_£ the Earth and Sun. During opposition, 
an object is visible for the whole 
night, rising at sunset and setting at 
sunrise. At this point in its orbit, the 
celestial object is closest to Earth, 
making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and 
Venus, are at their maximum distance 
from the Sun. During greatest 
elongation, the inner planets can be 
observed as evening stars at greatest 
eastern elongations and as morning 
stars during western elongations. 


J Right Ascension (RA) 
—e, Right Ascension is to the sky what 
longitude is to the surface of the 
Earth, corresponding to east and 
west directions. It is measured in 
hours, minutes and seconds since, as 
Earth rotates, we see different parts 
' of the sky throughout the night. 





Declination (D 

Declination tells you how high an 
object will rise in the sky. Like Earth's 
latitude, declination measures north 
and south. It is measured in degrees, 
arcminutes and arcseconds. There 
are 60 arcseconds in an arcminute 
and 60 arcminutes in a degree. 





Magnitude 
An object's 
magnitude tells 
you how bright 
it will appear 
from Earth. In 


astronomy, 
magnitudes are 
represented 
on a numbered 
scale. The lower 
the number, 

J the brighter the 
object will be. So, 
an object with a 
magnitude of -1is 

brighter than one 
with a magnitude 
of 42. 
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The ecliptic as it appears on 
16 January at IOpm (GMT). 
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Planet positions Allrise and set times are given in GMT 














7 Jan 14 Jan 21 Jan 28 Jan 4 Feb Date RA Dec Constellation Mag Rise Set 

be pe | 7 Jan 20h 10m -19° 02" Capricornus +11 08:44 17:25 

4] = 14Jan 19h40m -18° 23° Sagittarius +47 07:44 16:31 
S g 21Jan 19hO08m — -19°07" Sagittarius 41.5 06:48 15:28 

=| f| 28Jan 19h04m -20° 12" Sagittarius +0.3. 06:23 14:51 
= =| 4Feb 19h24m -20° 54 Sagittarius +0.0 06:18 14:38 
7 Jan 16h 33m -20° 09' Ophiuchus -4.0 05:13 13:43 

wn is 14Jan  17h10m -21° 25° Ophiuchus -4.0 05:30 13:43 
~ | 21Jan 17h47m -22° 12' Sagittarius 40 05:45 13:48 
Fa 4 28 Jan 18h24m -22° 28° Sagittarius -4.0 05:56 13:56 
> >! 4Feb 19hOIm -22°11 Sagittarius -4.0 06:04 14:07 
7 Jan 14h Olm -10° 44" Virgo 41.2 01:48 = 12:04 

4Jan 14h15m -12° or Virgo +11 01:42 «11:44 

@ fg 21Jan 14h30m -13° 13° Libra 41.0 01:35 = 11:25 
< <| 28Jan 14h44m -14° 20° Libra +0.9 01:28 11:05 
= Sl 4Feb 14h58m 15°22" Libra +0.8 01:20 10:45 
7 Jan Th 36m 03° 56° Leo 2.2 22:10 10:54 

Pa & 14Jan  h36m 04° 00° Leo 2.3 21:42 10:27 
kl B 21Jan  1h35m 04° 07" Leo 2.3 21:14 09:59 
5 S| 28Jan 1h34m 04° 17" Leo 2.3 20:44 09:31 
5 = 4Feb  1Ih32m 04° 31 Leo 24 20:14 09:03 
7 Jan 16h 42m -20° 33° Ophiuchus +0.5 05:25 13:48 

2 14Jan 16h44m -20° 39° Ophiuchus +0.5 05:01 13:23 

é & 21Jan 16h47m -20° 44" Ophiuchus +0.5 04:37 12:58 
2 P 28 Jan 16h50m -20° 48° Ophiuchus +0.5 04:13 12:32 
< W!4Feb  16h52m -20° 51° Ophiuchus +0.5 03:48 12:07 
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This month's planets 


It's the ideal time of year to catch the other members of our Solar System 


ij upiter —< 


Ursa Major 


Right Ascension: 11h 33m 
Declination: 04° 08" 
Constellation: Leo 
Magnitude: -2.1 
Direction: East 


Bootes 


Jupiter is a late evening and late 
morning object, gradually heading 
west of the Sun and approaching 
opposition on 8 March (when the 
planet will be located directly 
opposite the Sun). Of all the planets 
in the Solar System, Jupiter offers 
the most generous observing and 
imaging opportunities to the amateur 
astronomer, in terms of apparent size, 
combined with observable detail and 
exciting dynamism. 

The Solar System's largest planet is 
a vast globe - a gas giant ten times the 
diameter of Earth and with a volume 
in which a thousand Earths could fit. 
This incredible world rotates pretty 
rapidly - one rotation in less than ten 
hours - and as a result its equatorial 
diameter is noticeably larger than that 
of its polar diameter and, in addition, 
its atmospheric cloud features are 
stretched parallel to the planet's 
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Canes 
Venatici 


Coma Berenices 
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equator. These atmospheric cloud 
features consist of dusky belts and 
brighter zones, and a number of these 
linear formations can easily be seen 
through quite a small telescope under 
a modest magnification. 

Currently, the most prominent of 
these darker striations includes the 
North Polar Region (NPR), North 
Equatorial Belt (NEB), South Equatorial 
Belt (SEB), South Temperate Belt (STB) 
and South Polar Region (SPR), of which 
the NEB and SEB are by far the most 
obvious through smaller telescopes. 

A great deal more atmospheric 
detail on Jupiter will be glimpsed 
through larger instruments - any 
telescope larger than 100mm with a 
magnification of 100x. Such features 
include light spots and ovals, dark 
knots in the belts, streams and 
festoons issuing from the belts 
(particularly the southern edge of 


Leo Minor 


E 


MT on 15 Jan 


the NEB), and, of course, the famous 
Great Red Spot (GRS). The GRS - a 
huge anticyclonic storm in the STB 
whose northern edge nudges into the 
southern part of the SEB, producing 
a noticeable ‘dent’ or ‘hollow’ - is 
currently a pale shade of red, located 
at a longitude of 236 degrees (System 
2). This means that transits of the GRS 
across the central meridian of Jupiter 
occur quite frequently when Jupiter is 
at an altitude of more than 20 degrees 
in astronomically dark skies. 
Steadily-held binoculars will reveal 


the four largest satellites of Jupiter - Io, 


Europa, Ganymede and Callisto - as 
four bright star-like points of light in 
the sky. A 150mm telescope at high 
magnification will reveal the Galilean 
discs, although little obvious surface 
detail of the moons can be made out. 
To, Ganymede and Callisto are larger 
than our own Moon, and Europa is 





Cancer 





only slightly smaller. Galilean transits 
across Jupiter's face, along with 
shadow transits, are fascinating to 
view and eclipses and occultations 
are frequent during every apparition. 
The satellites themselves, and more 
noticeably the black shadows they 
cast onto the planet, can be followed 
through a 100mm telescope. 

Each of the Galilean moons orbits 
very closely to Jupiter's equatorial 
plane, and the moons appear to shuffle 
back and forth as they orbit Jupiter, 
transiting the planet when they move 
directly between the Earth and Jupiter, 
and then moving behind Jupiter on 
the other side of their orbit. 

Only Callisto is distant enough from 
Jupiter to avoid transiting the planet 
when its tilt is inclined sufficiently; 
however, this apparition, Callisto and 
its shadow just about transits the 
north edge of the planet. 
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'This month's planets | 








Right Ascension: 16h 28m February it rises in the east at 4am but 
Declination: -20° 04 does not climb higher than 20 degrees 
Constellation: Ophiuchus above the horizon. At magnitude +0.5, 


Magnitude: +1.2 ppioge ‘ 
Direction: South East it is bright enough to be spotted easily 








Mercury Venus and a small 4-inch telescope will show 
Right Ascension: 19h 17m Right Ascension: 1Sh 1m Saturn lingers in the morning sky, the planet's glorious rings, while larger 
Declination: -24° 22" _ Declination: -15° 33° close to Venus in Ophiuchus. By early —_ scopes will reveal its moon Titan. 
Constellation: Sagittarius Constellation: Sagittarius 

Magnitude: -2.2 Magnitude: -4.5 

Direction: East Direction: East 


Mercury hugs the dusk horizon but you'll While Mercury will be hard for 

have to be quick to see it- the innermost — Northern Hemisphere stargazers to : 

planet soon enters inferior conjunction, spot, Venus should be a piece of cake. Virgo . 
when Mercury passes too close to the It's a bright morning star, shining at : 
Sun to be seen in the glare on 14 January. about magnitude -3.8. On 7 January i 

In the second half of January, Mercury it is close to the beautiful waning 

is in the morning sky but not really crescent Moon at around 7am, just 


visible in the Northern Hemisphere. For before the Sun rises in the East. Saturn 
astronomers in the Southern Hemisphere, _ is also in Venus’ vicinity, and they 
however, Mercury is visible beforedawn —_ come as close as 5 arcminutes to one 





as a magnitude +0.4 beacon and, on 7 another at 4am on 9 January, making 
February, reaches its greatest western a stunning sight in binoculars and 
elongation at 26 degrees from the Sun. telescopes or even just to the naked 
It is at its furthest point in the sky, eye. Such a scene warrants taking a Right Ascension: 13h 27m for the first time since 2014. For now, it 
westwards from the Sun and at its most scenic astrophotograph with a DSLR Declination: “07 3r is found close to Virgo's brightest star, 
visible, This just shows how quickly camera held steadily on a tripod. If you | Constellation: Virgo Spica. Mars is steadily growing larger and 
Mercury moves around the Sun. By this are viewing through a telescope, use Magnii tude: ge by the end of January is 7 arcseconds 

: a 1 ips es : Direction: South P 
point Mercury will have brightened to a magnification of 200x in order to across, big enough for telescope users 
magnitude O and will be easily visible in show both planets next to each other This is a good year for Mars as it is to achieve decent views of the dark and 
the hour before dawn. through the eyepiece. | coming back to opposition on 22 May bright regions on its red surface. 


Uranus 
Right Ascension: 00h 59m 
Declination: +05° 39° 
Pisces Cygnus Constellation: Pisces 
Magnitude: +5.8 
Pegasus) Vulpecula Direction: South 
ax Neptune 
Right Ascension: 22h 36m 
Declination: -09° 38° 
Constellation: Aquarius 
Aquarius SE Ria Sagitta Magnitude: +7.9 
Direction: South West 


The ice giants, Uranus (magnitude +5.8) and Neptune 
(magnitude +7.8), are in the evening sky for telescopic 
> Astras | \ cap Capricomus Aquila observations. However, both are fairly low in the 


evening sky in early 2016. Uranus is found in the 
constellation of Pisces, setting before 1Opm, while 
Neptune is in Aquarius, setting before 9pm. 
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You'll need: 


V Polar alignment scope (if 
available) 


V Magnetic compass 


v Local Ordnance Survey 
map or GPS 


If you have an equatorial telescope 
mount, you need to be able to polar 
align it reasonably accurately. That is, 
you align the polar axis of the mount 
with the north (or south, if you live in 
the Southern Hemisphere) celestial 
pole. This means that the mount's 
axis is parallel to the Earth's axis. The 
benefit of this is that you only need 
to guide the telescope around this 
axis, which can be done with a simple 
motor drive made for this purpose, in 
order to keep an object steady in the 
field of view of your telescope. This is 
much harder to achieve if you use an 
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’\ The secret to tracking objects and taking great 
“astrophotographs is good polar alignment of 
your-telescope mount. Here's how to get it 


alt-azimuth mount, where you have 
to guide the telescope through two 
axes to keep the object centred in the 
field of view. If you plan to do long- 
exposure astrophotography, then it is 
almost essential to use a well-aligned 
equatorial mount to keep the object 
you are imaging centred and fixed in 
the camera's field of view, otherwise 
the image will be blurred. 
Fortunately, in the Northern 
Hemisphere the north celestial pole 
is marked by the pole star Polaris. If 
there is a polar alignment scope fitted 
to your mount, you should find the 
whole process fairly straightforward. If 
you don't have that luxury, then you 
can use a simple magnetic compass to 
get you in the right area of sky, along 
with your known latitude, which you 
can get from a decent map or a GPS. 


If your latitude on planet Earth is, for 
example, 51 degrees north, then you 
need to set the angle of the polar axis 
on the mount to this angle, then with 
the aid of the compass you can point 
it northward. This is what's known as 
a ‘tough’ alignment, but it works quite 
well for many purposes. 

A polar alignment scope will help 
you to be more accurate with setup, 
because you can see through the polar 
axis of your mount and the position 
of the pole star is etched onto the 
glass in the scope. Good alignment 
means accurate tracking, and this in 
turn means that you should be able to 
take long-exposure astrophotographs 
without any blurring. This also means 
that you can image fainter objects. If 
you are not planning to photograph 
through your telescope, it will mean 
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that you can just enjoy studying an 
object for a longer period without 
having to constantly adjust the scope 
to keep it in the field of view. @ 


Take off the counterweight 
Do your polar alignment without the 
telescope or counterweight attached. 
This will make it much easier to lift 
and manoeuvre. 


Use a compass 

If you can't see the pole star because 
of a building or tree, use a compass to 
locate it. 


Don't overdo it! 

It's easy to spend a lot of time trying to 
get your polar alignment spot on. Even 
a rough alignment works well. 
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Polar align your telescope 


Follow these steps for fuss-free polar alignment 


When setting up, it's easier to manoeuvre your you do this. Make sure the mount is level and adjust 

telescope mount without the scope or counterweight each tripod leg as necessary. You can use a small 

attached. Once you are happy with your alignment, spirit level to help. A polar alignment scope can help, Send your photos to 

you can add the telescope and counterweights, but be too, if you have one. Don't forget to use a red torch photos@spaceanswers.com 
careful not to knock the mount out of alignment as during set up to keep your eyes dark-adapted. 





Get level Set the latitude 
Make sure your telescope mount is level with the polar axis pointing roughly / Set the angle of the polar axis to the same degree as your latitude. You can 
due north. Adjust the tripod legs as necessary. use a protractor if there isn't a scale on your mount. 





Find the celestial pole Lock everything into position 
If you can't see the pole star Polaris, or your mount doesn't have a polar Once you've got everything aligned as well as you can, don't forget to lock 
alignment scope, use a magnetic compass to find north. everything down tightly so that it can’t be knocked out of alignment. 





Load up the mount Start tracking 
You can now put the telescope and counterweight on your mount. Once You can now track objects through your telescope simply by adjusting the 
you've done this, check the alignment once more, just to be sure. one axis on the mount, or by using a motor drive if you have one. 
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Known to all lunar observers, Plato 
is one of the Moon's most iconic and 
recognisable craters. Sunk deep below 
the level of the mighty lunar Alps, Plato 
is a near-circular depression around 100 
kilometres (62 miles) in diameter whose 
flat, dark floor lies more than two 
kilometres (1.2 miles) below its rugged 
mountain surroundings. Because Plato 
lies in the Moon's northern hemisphere, 
fairly close to the Moon's northern edge, 
a degree of foreshortening produced by 
the curvature of the Moon means that 
the crater doesn’t appear circular from 
Earth - it appears distinctly oval. In 
addition, libration - the apparent rocking 
motion of the Moon about its axis during 
the lunar month - affects the amount of 
foreshortening that takes place. 
Although Plato was created by a 
substantial asteroid impact several 
billion years ago, no traces of the crater's 
original secondary impact formations 
can be observed. After formation, the 
crater's floor was quickly submerged 
by dark basaltic lava flows. Subsequent 
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‘Moon tour’ Plato crater 


impacts and volcanic activity in the 
surrounding mountainous area and 
beyond masked the secondary impact 
formations around Plato - features that 
undoubtedly included prominent bright 
rays, Chain craters and linear furrows. 
These features are not observable 
today - instead, we are left with an 
imperfect, though extremely prominent 
depression, set within the lunar Alps. 
Following the solidification of the 
volcanic flows that spread across Plato's 
floor, a number of small impacts made 
their presence known. These are so 
small as to be unresolvable through a 
small telescope, even at shallow angles 
of illumination. The five main craters 
found on Plato's floor range between 17 
and 2.2 kilometres (1.1 and 1.4 miles) in 
diameter. When illuminated by a low 
Sun at around the first or last quarter 
lunar phase, these craters can just be 
discerned through a 100mm telescope 
- their raised rims shine brightly against 
the dull tone of Plato's floor and they 
cast noticeable shadows. Under a 








high Sun, as at full Moon, Plato's floor 
craters appear as small bright dots that 
can be challenging to see through a 
100mm telescope. Piles of material 
have slumped from the crater's inner 
wall, and a large triangular block of the 
inner western wall has broken away and 
slipped towards the floor, leaving a large 
dent in the crater’s rim. 

When illuminated by an early 
morning or late evening Sun, the 
shadows cast onto the floor by Plato's 
walls are fascinating to observe. Lit by 
the lunar morning Sun on the evening 
of 17 January, the crater’s western 
flanks remain in shadow, joined with 
the terminator, its inner western wall 
and the western part of its floor are 
bathed in streams of sunlight through 
low points in the crater's eastern rim. 
As the shadow cast by Plato's eastern 
rim recedes over the next day or two, 
the edge of the shadow projects into 
several points, shortening rapidly as 
the Sun climbs higher. A full Moon 
on 24 January sees the crater fully 


Ne 


One of beg Moon's ereatest we is Wey, 
an excellent lunar target this month 4 
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| Many craters, like Plato, 
are best observed during 
certain phases of the Moon. 
In particular, Plato “a 
excellent target during the 
first quarter Moon. If you 
choose to observe Plato 


during a full Moon, use a 
Moon filter to block out glare. 


illuminated, but its presence is clearly 
visible by virtue of its dark floor, set 
amid the bright nearby mountains. 
Following the full Moon, shadows 
are cast onto Plato's floor by its eastern 
flanks. In the late lunar evening on 
the morning of 1 February, the crater's 
eastern flanks are surrounded by the 
darkness of the terminator, while its 
inner eastern wall gleams as a bright 
crescent in the rays of the setting 
Sun as the floor darkens. One long 
shadow cast by a high part of the rim 
(to the north of the major landslide 
mentioned above) touches the base 
of the eastern wall. Several more long 
shadow fingers soon project across the 
crater floor, and the whole of Plato's 
interior, apart from the inner eastern 
wall, is plunged into darkness within 
just a few hours. The appearance of 
Plato's shadows constantly change 
from one lunation to the next, because 
of the effects of libration and the 
change in the direction of the Sun's 
illumination that it causes. @ 
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January skies have so much to offer for those 
using binoculars or the unaided eye 


Betelgeuse Aldebaran 
This red supergiant star is 

set to go supernova and will r) 

explode within the next million [ ) 
years. Its red-orange tint is 

obvious to the unaided eye. 


Betelgeuse 


Orion 





Orion's Belt 
Not many people know 
that the three belt stars of 
Orion are part of a larger 
cluster called Collinder 70. 
Binoculars will show the 
fainter stars in the group. 
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Naked eye targets 


Pleiades star 
cluster (M45) 

Easy to spot with the 
naked eye, the Pleiades, 
or ‘Seven Sisters’, is a 
treat with binoculars, 
showing dozens of stars 
in the group. The naked 
eye will reveal the star 
cluster as a smaller 
version of The Plough or 
Big Dipper asterism. 










Taurus 


Hyades 

star cluster 
(Melotte 25) 
This loose open 
grouping of stars, 


makes up the ‘v’ 
shaped head of 
the ‘Bull’. The 
bright red star 
Aldebaran is not 
part of the cluster. 


The Orion 
Nebula (M42) 
Just visible to 
the naked eye as 
a misty patch of 


light, binoculars 
start to show 
structure and 
detail in this 
famous object. 


\. 





How to... 


Photograph the Moon 
with your smartphone 





You'll need: 


Vv Smartphone 

V Telescope 

v Low-to-medium 

power eyepiece 

V Moon filter that fits the 
eyepiece 


V Optional phone bracket 


You've probably seen photographs 
of the Moon in ma 
the internet which reveal all of its 
craters, mountains and other features, 
but did you know that you can t 
similar quality pictures just with your 
smartphone camera? 

Most smartphones have very high 
quality i F Ss built into 
them, as well as software that can 
give you some control over how they 
take the pictures. But many people 


nes and on 


just leave it on automatic. However, if 
you have previously tried to hold your 


smartphone's camera up to a bright 
Moon in the sky and attempted to 
take a picture, you've prob: been 
disappointed with the result, as the 
images often come out showing a 
bri josed disc and little 
else. This is because the camera's 
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software can't cope with the extreme 
contrast between the dark night sky 
and the very bright features of the 


Moon. This can be improved by using 


the exposure controls, which you may 


have in your camera app, but can still 
be of limited help. 

The best way to get really good 
images is by using your smart} 
camera in combination with a 
telescope. It doesn't have to be 
a large telescope, either. Even a 
modest amateur scope should give a 

mable image. It is possible to just 
yur smartphone's camera Over 
the eyepiece of a telescope and click 
the shutter, but you will soon find 
that this can be a very hit and miss 
technique; just lining the camera up 
h the tele: can be 
quite tricky! 


You too can take great-looking images of the 
lunar surface using your mobile device 


What really helps here is a 
smartphone adaptor, which fits around 
the telescope's eyepiece and gives 
a bracket to hold the smartphone 
nice and steady. It makes lining 
up the smartphone's camera over 
the eyepiece much easier. 0: 
you've done this you will be able to 
concentrate more easily on the pho 

creen and mai 
adjustments with positioning and 
exposure to create a good image. 

If the Moon is ni ull when 
are photographing it, you may find 
still too bright to get all of the surf. 
features clearly in view. This is when 
you may need to use a Moon filter, 
which will drop the light levels and 
make the imaging process eas 
control. For a small inv 
will be taking great images that will 
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impress not only yourself, but your 
friends and fami capturing 
the feature: will be much 
easier, and much more enjoyable. @ 


Tips & tricks 


Download software 

Download and use an imaging app other 
than the standard one that's already 
built into the smartphone. 


Experiment 

Play around with the exposure controls 
of your software to see what difference 
it makes to your images. 


Take lots of images 

Don't take just one or two photographs, 
take dozens. Each image will be slightly 
different and will help you to find the 
best software controls. 
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Photograph the Moon 


Shooting with an iPhone, Android or BlackBerry 


Taking good pictures of the Moon is all about being methodical. Here's how to do it... 


The important thing to do when taking images of 
the Moon through a telescope is to take your time 
and get each step right. This can make the difference 
between a mediocre image and a great one. If you are 
using a smartphone bracket, for example, make sure 
it's securely attached to the telescope or eyepiece. 


If the Moon is very bright on your chosen night of 
viewing, screw a Moon filter to the eyepiece. But if 
the Moon is only a thin crescent, you may not need 
one. If you follow the simple steps here, it should 
minimise any problems and maximise your chances 
of taking some really great pictures. 






Send your photos to 
photos@spaceanswers.com 








Make sure your telescope is pointing at the 
Moon. You will probably need to adjust it later, 
but this will only be a small adjustment. 


| Find the Moon 





Attach your smartphone 
Once you are happy that everything is in place, put your smartphone in the 


bracket and start up the camera app of your choice. 


Assess the lunar phase Secure the bracket 
Is the Moon very bright? Is the Moon full? Make sure the smartphone bracket is properly 


You may have to screw a Moon filter to the secured to the telescope and adjust it to bring 
eyepiece, but do this before attaching the bracket the camera's aperture directly over the eyepiece. 





Make adjustments 
Make any adjustments necessary to get a good image of the Moon on your 


smartphone's screen, including moving the telescope if necessary. 





Find the right exposure 
Once the image of the Moon fills the screen of the smartphone, adjust the 


exposure settings of your camera software to get a good clean image. Make 
sure it isn’t under or overexposed. 
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Start shooting! 
fi Take lots of images and tweak the settings between each picture to see if you 
can get a really crisp image showing lots of detail. This will also help you to 
find the optimum settings for achieving a great photo. 
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Deep sky challenge 


Nebulae in Orion the hunter 


Take a tour of some of the deep-sky objects 
found in the constellation of Orion this month 


The night sky around the constellation of Ori 

is teeming with objects for those armed with a 
telescope. There are nebulae and star clusters 
galore. Some will be easy to spot even with a 

small telescope, whereas others will be more of a 
challenge. The Great Orion Nebula, also known as 
M42, is fairly easy to enjoy, even with a telescope 
with a small aperture, but the famous and difficult 
to see Horsehead Nebula (IC 434) found in the same 


constellation will need a scope with a larger aperture, 


and the addition of a filter will help to show up this 
diffuse region even more. 

Here are a selection of objects for you to try, with 
indications of the aperture and magnifications you 
will need to view them. Don't worry if you can't see 
them all - try again another night, as sometimes 
conditions are better on some nights than others. The 
Moon can often drown out fainter objects, so a dark, 
moonless night will help you to find them. When it 
comes to locating diffuse objects, patience is key. 


The¥Flame Nebula (NGC 2024) and The Horsehead Nebula (IC 434) 





The Great Orion Nebula (M42) 


A small telescope with a low power will 

reveal this diffuse nebula well. Increasing the 
magnification of your instrument will show up the 
Trapezium star cluster at the heart of the nebula. To 
the naked eye, and even from regions affected by 
light pollution, the Great Orion Nebula can be seen 
as the middle “star” in the sword of Orion. Filters will 
reveal a greenish tint to the nebula, as well as regions 
of red and blue-violet. 


i The Great Orion Nebula (M42) 


Although it may look like it is part of the Orion 

Nebula, astronomers consider De Mairan's 
Nebula as a separate entity since it is separated by a 
lane of dust. Also known as M43 - this nebula will 
require a moderate magnification and a telescope of 
about 6 inches in order to separate it from the Great 
Orion Nebula. 


y, De Mairan's Nebula (M43) 


Just over half a degree to the north of M42 

is the Running Man Nebula. You will be able 
to pick this nebula up with an aperture of at least 
six inches, which will reveal the Running Man's 
components NGC 1973, NGC 1975 and NGC 1977, 
which are separated by dark dust lanes. 


= The Running Man Nebula (NGC 1977) 
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The Running Man Nebula (NGC 1977), : Alnilam 
De Mairan’s Nebula (M43) and Great * . * ‘ 
Orion Nebula (M42) : Alnitak 
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Mintaka 
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Star cluster, NGC 1981 
often over-looked star cluster looks great 


in a small telescope at medium power and 


takes on the appearance of an alligator, with the 
eastern star as the snout and the western stellar 
member forming the tail. It 1 t to the north of 
the Running Man Nebula and is a collection of about 


20 stars of magnitudes +7 to +10. Double star Struve ° 
0, on the ‘alligat leg, can be split cleanl * - 


magnification of 100x in fair ol ng conditions. 
The Horsehead Nebula (IC 434) See 
A challenging object even in a large aperture VE 
teles Medium-to-high power in a 12-inch ‘ 


aperture telescope should help. A H-Beta filter will Vs e 
also assist in picking out this dark cloud of dust and 
gas in the Orion Molecular Cloud Complex. Filters will 


reveal a red or pinkish glow behind the nebula. © : 
The Flame Nebula (NGC 2024) VA 
/ Rigel 





Right next to the bright star Alnitak, which is 
the easternmost star in the Belt of Orion, the 
Flame Nebula - also designated NC 124 - is best 
seen with the assistance of a medium-to-high power 
telescope, and putting the bright star out of the field 
The star cluster of newly formed stars at the 
centre of the nebula is a challenging target to spot 
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Hemisphere 


A menagerie of night-sky targets await 
observers of the winter heavens 


Throughout January and into early 
February, a gaggle of impressive 
targets for those with binoculars 

and telescopes pop into view. With 
the Sun dipping below the horizon 
roughly between 4pm and 5pm, 
some objects can even be enjoyed 
with the unaided eye - from the +14 
magnitude Pleiades star cluster (M45) 
to bright stars Rigel and Betelgeuse 


This chart is for midnight mid-month 
and is set for 45° latitude north or 
south respectively. 


Hold the chart above your head 
with the bottom of the page in 
front of you. 


Face south and notice that north 
on the chart is behind you. 


Sy The constellations on the chart 
should now match what you see 
in the sky. 





Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
[oom con Ae) 
1.0 to15 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
Fainter 
Variable star 





























in the constellation of Orion. If you're 
observing from an especially dark site, 
some astronomers will even be able to 
spot the Andromeda Galaxy (M31) as a 
faint smudge of light. 

At varying times of the night, all of 
the naked-eye planets will make their 
way along the ecliptic. Remember, 
when using this map, to use it under 
red light to preserve your night vision. 


™ 
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Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Observer's note: 

The night sky as it appears 
on the 16 January at 
approximately 10pm (GMT). 


Planetary nebulae 


Galaxies 
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Rigel (Beta Orionis) 


SOUTH 
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Ollie Taylor 
Isle of Portland, Dorset 
“Using my DSLR cameraona 
dark November night 
of Portland, I captured Vent 
Mars and Jupiter as they rose 
in a diagonal line above the 
horizon at around 4am (GMT). 
One of the brightest stars in the night sky and in 
the constellation of Leo, Regulus can also be seen 
aligning at the top of the image. Luckily, and due 
to the clear horizon near Portland, which allows 
you to look far out into the British Channel, Venus 
was so bright that it cast reflections in the sea 
and rock pools. It will be decades before these 
celestial objects ever align again. 

“I also love shooting the Aurora and while I was 
out in Finland, I managed to capture the northern 
lights. I have been photographing landscapes 
with the emphasis on the night sky since late 
winter 2011 after shooting the Aurora in Iceland - 
something I had longed to do for years.” 


—— 


Venus, Mars and Jupiter 
alignment, Portland 
Bill, Dorset, UK 


ST 


Aurora Borealis, Finland 



































a pert ge ae STARGAZER 
aa South Africa : ‘3 See p 4 ‘ z & My Telescope 


Telescope: Officina Stellare 

Hiper APO 150 & Orion 

8” Astrograph 

Being based in the Souther 

Hemisphere gives me access 

to some of the most exquisite 
targets and dark , although I often have 
to travel far to access them - myself and my 
husband, who is also an astrophotographer, 
travel to locations untouched by light pollution. 
I have been photographing the night sky for 
three years and, although it's a tough balancing 
act between d ife and pursuing the 
hobby at night, v orth the time I spend 
capturing the night sky. I've realised that it’s 

ly the quality of the equipment 


that you use, but rather your determination m 
and commitment that results in great images.” Carina Nebula (NGC 3372) 


Drakensberg Mountains, 
South Africa 





% 


Jaspal Chadha ‘ 


Romford, London 
Telescope: Sky-Watcher , 
Espirt 1JOOED APO 
“Astrophotography is one 
of my favourite hobbies 
and I have been imaging 
for around two and a 
half years. Ra years looking through . - 
a variety of telescopes and eyepieces and 
took great, enjoyment from learning more 
about the night sky. ° 
“After months of research, and a lot of 
trial and error, I finally invested in,a setup 
that worked for me. One of the biggest 
challenges for me is to fend off the myths 
around imaging in light-polluted areas. I 
currently image with a mono CCD camera 
since it provides greater sensitivity over 
DSLR cameras and single shot CCDs.” 








Pacman Nebula (NGC 281) 


Send your photos to. @spaceanswers @ photos@spaceanswers.com 





91 





www.spaceanswers.com 





STARGAZER| 
Celestron Omni XLT AZ 102 


If you're looking for a telescope to see you beyond beginner level, 


then this beautifully-presented refractor is a strong contender 


Telescope 
advice 


Cost: £325 / $329.95 
From: David Hinds Ltd 
Type: Refractor 
Aperture: 4” 

Focal length: 25.98" 


Best for... 


Beginners 

Small budget 
Planetary viewing 
Lunar viewing 


Bright deep-sky objects 


©®009 


The Omni XLT AZ 102 is 
supplied with a25mm. 
Pléssl eyepiece to provide a 
magnification of 26x 


Recently added to the Celestron Omni 
range, the XLT AZ 102 is an extremely 
attractive package for the price, with 
its gunmetal-blue tube, white mounted 
rings, tripod legs and alt-azimuth 
mount. Inspecting the quality of the 
telescope - which took a few minutes 
to set up - we were pleased to find 
that, despite having a smaller aperture 
of 4-inches (102mm), Celestron have 
been generous in ensuring that the 
overall build matches that of its larger 
- and more expensive - 4.75-inch and 
6-inch cousins. 

Given that this beginner's telescope 
is much more portable, weighing in 
at 6.3 kilograms (13.8 pounds), as well 
as being of a reasonable price without 
skimping on its overall build, we 
were impressed with what Celestron 
are offering budding sky-watchers - 


particularly since the telescope comes 
with everything to get started in 
astronomy, including a red dot finder 
and a 25mm Plossl eyepiece that 
offers a magnification of 26x. With the 
addition of extra eyepieces and other 
accessories, the Omni XLT AZ 102 is a 
good balance of magnification ‘power’ 
and portability. 

Celestron had previously released 
a 4-inch model in the Omni range 
with an equatorial mount, but this 
new version comes with a manual- 
use alt-azimuth mount, with handles 
that allow you to move the telescope 
up or down (altitude) and left or right 
(azimuth). While less sophisticated 
than an equatorial - there's no 
need to polar align, and there is no 
computerised GoTo capability - the 
alt-azimuth's simplicity makes it 


“The Omni XLT AZ 102 is a 


good balance of magnification 


‘power’ and portability” 


ideal for beginners, or children. We 
waited patiently for a gap in the 
clouds before we could truly test 

the refractor's mettle on a selection 
of night-sky objects. The naked-eye 
planets are now all in the morning 
sky, which meant an early start, 

but the sight of Jupiter through the 
Omni XLT AZ 102 managed to warm 
our hearts during those cold pre- 
dawn mornings. The accompanying 
‘StarPointer Pro’ finderscope - all new 
for the Omni 102 with this release - 
worked a treat, aligning the telescope 
with the giant planet in the centre 

of the two-circle reticule. Using the 
supplied Pléssl eyepiece, we got a fair 
view of the great gas giant with its 
Galilean moons: at first only Europa, 
Ganymede and Callisto were on 
view, flanking the planet's limbs, and 
then Io appeared, exiting occultation 
from behind Jupiter. 

With Jupiter in the field of view, 
using our own 2x Barlow lens and a 
10mm eyepiece, we could make out 
the planet's bands. Refractors are 
known for their chromatic aberration 
(where light of different colours is 
focused to slightly different points 
by the lens, creating colour fringing 
around the object) and unfortunately 
this Omni 102 is of no exception, as 
we did notice a green halo around the 
edge of the planet's disc. However, 
the scope's longer focal length 
minimises this somewhat, given that 
chromatic aberration is to be expected 
of refractors (unless they are using 
high quality - and expensive - ‘extra 
dispersion’, or ED, glass in their optics, 
which the budget-friendly Omni 
XLT AZ 102 does not). The focuser is 
relatively sensitive in bringing objects 
into a sharp view, however, the tripod 
did wobble, causing the target to dance 
around the field of view. 

Nearby Venus looked startling, 
its crescent phase notable but, of 
course, there's no other detail for 
the scope to discern on the planet's 
bland clouds. Far more interesting 
was the Moon, which really brought 
out the best of the Omni XLT AZ 
102's optics. By applying a 15mm 
eyepiece we were able to fit the 
entire Moon within the field of view. 
Switching back to the 1Omm eyepiece, 
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wee 


Ared dot finder, rather than 
astandard finderscope, 
makes finding faint objects 
an easy task 


we could see all kinds of detail in 

the shadows along the Moon's day/ 
night terminator, emphasising crater 
walls and mountain peaks. The lunar 
surface emphasised the nice views 
with excellent contrast, provided by 
Celestron’s trademark XLT StarBright 
optical lens coating (a thin layer of 
material deposited on the lens that 
minimises reflection and absorption 
of the light, transmitting more of it to 
your eyepiece). Again, some chromatic 
aberration was present on the limb of 
the Moon but, as with Jupiter, it didn’t 
teally interfere with the view. 

Enough of the planets - how did 
the scope do with more stellar fare? 
The telescope's wide field of view 
and 25mm Plossl neatly captured the 
majority of the Pleiades star cluster 
in Taurus, transforming the seven or 
eight cluster members seen with the 
naked eye into a dazzling multitude 
of stars. We also went double star 
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Telescope advice 






: 


hunting to put the scope's optic: 


to the test. It neatly resolved the The simple alt- 

yellow and blue pairing of Almach azimuth mount is 

(Gamma Andromedae), with a clear easy to set up and 

10 arcseconds between them. More provides fair stability 
during observations 


challenging was the triple star Iota j 
Cassiopeia. The two brighter stars of jf 
the system are just 2.5 arcseconds 
apart, but the Omni 102 had no trouble 
in splitting them. 

With no doubt, the Celestron Omni 
XLT AZ 102 is a brilliant beginner's 
telescope. More advanced observers 
may wish to go for the equatorial 
mount version, or versions with larger 
apertures (there are 127mm and 
150mm alternatives). Nevertheless, 
the supplied alt-azimuth mount is 
sturdy, straightforward and enjoyable 
to use while observing. All you need 
to do is grab a few extra eyepieces to 
supplement the 25mm Pléssl supplied 
with the scope, and the night sky will 
become your playground. @ 
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Fornax Mounts, ZWO CMOS & Moravian Instruments CCD cameras 
available via our online shop and our select dealers: 


Contact us on 
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® Visionary STARLA 80 
From: Optical Hardware Ltd 
Cost: £199.99 (approx. $300) 


A Complete with 10mm and 25mm. 
Keen to get started in astronomy or expand your Plossl eyepieces, the Visionary STARLA 
kit? We have the ideal competition for you! 


80 refractor telescope is the ideal 
companion for touring the night sky. 
It's easy to assemble and also comes 
complete with a tripod and star 
Welesooce Ceti Pal diagonal, as well as a versatile mount. 
1501 
From: Dye ence Hardware Ltd. 
Cost: £299.99 (approx. $450) 
With its 6” aperture, the Visionary 
Mira Ceti is the perfect companion 
to observe a wide range of night-sky 
targets, from planets to galaxies and 
nebulae. Complete with 25mm and 
6.5mm eyepieces, as well as a Barlow 
lens and a Moon filter, this compact 
and light Newtonian offers excellent 
portability, making it ideal for 
observing from your back 
garden or further afield. 


From: Optical Hardware Ltd 

Cost: £199.99 (approx. $300) 

Tour the night sky in high definition with 
the Ostara Elinor 10x50 binoculars, ensuring 
bright images and excellent light-gathering 
ability in order to pick out star clusters and © 
the brightest planets. The 10x magnification 
is also useful as an aid for nature watching. 


© Ostara 2” 
dielectric diagonal 
From: Optical Hardware Ltd 
Cost: £99.99 (approx. $150) 
With its sleek finish, the Ostara 
diagonal is pleasing to the eye 
and sturdy to the touch. 
With a versatile 1.25" and 
2" barrels, it can host 
a range of eyepieces 
and filters. 


iOptron SkyTracker © 
cainera mount 

From: Altair Astro 

Cost: £379 (approx. $399) 

This tracking mount from iOptron 
allows you to capture tracked, wide- 


field images with a DSLR camera for 
stunning shots of the night sky. 


To be in with a chance of winning, all 
you have to do is answer this question: 


Eyeshield 
In which year rit tel N. AS. A's From: Optical From: David Hinds Ltd 


Hardware Ltd Cost: £37 (approx. $55) 


© Field Optics © Celestron 10x 
Research illuminated 


Photographer 


Of The Year: 


Curiosity rover touch down YP] Cost: £19.99 (approx. $30) The Celestron 10x Collection 4 


the surface of the Red Planet? 


A: 2010 
B: 2012 
C; 2015 


Excellent for use with 
binoculars or a telescope, 
the Eyeshield - made using 
flexible moulded rubber 

- fits comfortably around 
the eyes to block out any 
distracting light and wind, 
giving complete darkness. 


illuminated magnifier is 
useful whether you enjoy 
studying stamps, coins, 
plants, rocks or insects. 
This device is particularly 
handy for quality control of 
telescopes and binoculars 
and for viewing sky maps. 


From: Harper Collins 
Cost: £25 (approx. $38) 
Enjoy the stunning 
astrophotographs of the 
night sky in the fourth 
collection of Astronomy 
Photographer Of The Year. 
A perfect coffee table book. 


Enter online at: spaceanSwers.com/COMPEetitIONS isi i: \Wedsit fr Aus terms andconeitions 





Astronomy [eta 


STARS 
CONSTELLATIONS 


Stargazing gear, accessories and books 
for astronomers and space fans alike 


Star Chart —————__ : 
Philip's Star Chart : 
Cost: £6.99 (approx. $11) 

From: Waterstones 

Perhaps one of the most important attributes of a star map, alongside 

the detail, is being able to read it under red light. Heading out to a 

night sky with scattered cloud cover, we illuminated the map with 

red light to see if we could still see the constellations, stars and deep- 

sky objects. As we suspected, the Philip's Star Chart is easily legible. 

While Philip's have made sure that both hemispheres of the planet 

are able to use this star chart, the sheer size of the map makes it very 

awkward to use over a planisphere. The map is also very limited to 

objects such as stars, star-forming regions and star clusters. 

While it is impossible to list every target that can be picked up 
with a telescope, we think that a selection of galaxies couldn't go 
amiss to give the beginner a more ‘challenging’ target to observe. 
Unfortunately, this means that the map can be regarded as very 
limited if you are a passionate deep-sky observer or imager, or regard 
yourself as an intermediate or advanced sky-watcher. We enjoyed 
the introduction to the star chart, which gives information about 
why stars are represented as points of varying sizes, as well as an 





explanation of the night sky. Perhaps most importantly, there are f - Bi ulars 
also instructions on how to use the map - useful for those who are / Olivon 7x50 WP-PRO 
unfamiliar with using star charts. This map is ideal for anyone with a 4 Cost: £199.99 (approx. $300) 
small telescope or binoculars at any latitude, however, we prefer using 4 From: Optical Hardware Ltd 
a much more compact planisphere. J Combined with their waterproof design, BAK4 prism and 


multicoated optics, these marine binoculars by Olivon are ideal 
for both sky-watchers as well as those who enjoy watching 
animals and birds of the wild. Filled with nitrogen, these 
binoculars can be used in a variety of observing conditions 
without the worry of ruining the optics. What's more, the 
multicoated optics and BAK4 improve light transmission and 
definition. For those looking for a piece of kit that's easy to 
use, but are not ready to invest in a telescope, the Olivon 7x50 
are a good compromise. Equipped with straps, carry case 
and an in-view compass with night illuminator, these 
Olivon binoculars work well in low-light conditions, 
allowing us to pick out the diffuse region of the 

Orion Nebula in the constellation of Orion. While the 
views of the nebula were good, given the binoculars’ 
magnification, the most impressive views were of 

the Moon. We took advantage of the terminator and 
enjoyed views of the lunar highlands and lunar seas, 
Mare Tranquillitatis, Mare Serenitatis, and smaller Mare 
Nectaris, along with the perimeters of the craters Plato 
and Alphonsus. The constellation of Taurus offered the 
ideal opportunity to sweep across to the Pleiades star cluster, 
where we could identify each of the member stars as clear 
points of light. Thanks to the good light-collecting ability of 
the Olivon 7x50, we could also detect the faint nebulosity - a 
pleasing achievement for binoculars with this magnification. 
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t=a5—_Y 
Cost: £2.29 / $2.99 


From: iTunes & Google Play 
With over 8 million users, winner of the Apple Design Award 
2010 and given the title of “the most beautiful app’, Star 
Walk HD really is ideal for anyone keen to learn more about 
navigating the night sky. Downloading the app to an iPad 
was a breeze and we were up and running in no time. We 
especially enjoyed using the rewind and fast-forward feature to 
work out where a particular night-sky object moved in the sky. 
Holding our device up to the sky, the app - with the help 
of GPS - quickly identified the constellations in the Northern 
Hemisphere and allowed us to identify a variety of targets, 
which we could later follow up with our telescope. Point it 
towards the ground and we could see all of the stars and 
objects in the Southern Hemisphere. Quite handy for the 
observer, the app also features the rise and set times of the 
planets so that you can plan your observing sessions. The 
HD version runs much more seamlessly than its predecessor, 
however, it is quite expensive given that add-ons, which allow 
functions of the app to be unlocked, cost extra. There are 
cheaper apps available but you get a much more polished 
experience with Star Walk HD, we strongly recommend it. 


Book 
Moonshots & See proper ES ae 
ARare 
Cost: £39.95 / $55 
From: University of New Mexico Press 
If you thought that this book by CNN space journalist, John Bisney, 
and manned spaceflight historian, J L Pickering, contains images 
that you have seen on the internet, then you would be mistaken. 
We were impressed to discover that the authors have done an 
excellent job of acquiring shots that haven't been released into the 
public domain. It’s not all pictures, though, each of the chapters - 
which are dedicated in a chronological order to the Apollo, Skylab 
and Apollo-Soyuz missions - contains concise and comprehensive 
text that focuses on the excellent selection of images, which convey 
the enthusiasm and dedication to the Apollo programme. It's quite 
easy to glance at a picture and miss the finer details, however, 
the captions ensure that the reader doesn't miss a thing, as well 
as providing insights behind what is regarded as the ‘Golden Age’ 
of US manned spaceflight. As we leafed through the pages, we 
received both a candid and formal view of the enthusiasm and 
dedication of the launch and flight crews, flight directors, rockets 
and astronauts, as well as their family members. An excellent 
hardback book for the space lover, Moonshots & Snapshots Of 
Project Apollo is beautifully and passionately put together and is 
certainly a tome that will be picked up time and time again. 
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The first astronaut 
to log more than 
1,000 hours on 
board the Space 
Shuttle and the 
man who helped 
save the Hubble 
Space Telescope 


Shortly after the Hubble Space 
Telescope had launched into orbit 

in 1990, mission managers began 
worrying that the images being sent 
back to Earth were woefully out-of- 
focus. The problem was a tiny flaw 

in the manufacture of the $2.5 billion 
(£1.6 million) telescope's mirror but 

it was a major embarrassment for 
NASA and ESA. With the project in 
serious danger and a sense of despair 
among the astronomical community, a 
mission was launched in 1993 to repair 
the space telescope. Jeffrey A Hoffman 
was among the seven astronauts 
chosen for the task. 

By then, Hoffman was an 
experienced astronaut. Born in 
Brooklyn, New York, in 1944, he had 
joined NASA in August 1979 following 
a glittering academic career. He had 
designed, constructed, tested and 
flown a balloon-borne, low-energy 
gamma ray telescope for his PhD in 
astrophysics at Harvard University, and 
he worked on X-ray astronomy rocket 
payloads at Leicester University. He 
also became an expert in X-ray bursts 
during his time in the mid-to-late 
1970s at the Massachusetts Institute of 
Technology (MIT). 

When he was selected for STS-61 
- the first ever Space Shuttle flight to 
tepair Hubble - he had already been 
on three space missions. His first 
was STS-51D in 1985 on the Shuttle 
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Discovery when he sought to rescue 

a malfunctioning satellite, and his 
second was a Spacelab mission on the 
Shuttle Columbia in 1990. His third 
was the first test flight of the Tethered 
Satellite System on the Shuttle Atlantis 
in 1992. In the process, he had become 
the second Jewish person in space and 
had twice gained NASA Exceptional 
Service Medals. With numerous other 
special honours, for both his academic 
and space agency work, he had built a 
strong reputation for himself. 

For the work on Hubble - which 
incidentally travels at a speed of 
27,00 kilometres (17,000 miles) per 
hour some 570 kilometres (354 miles) 
above Earth, and orbits our planet 
every 95 minutes - the crew had 
been called upon to add corrective 
optics in the guise of extra mirrors to 
the telescope. Named the Corrective 
Optics Space Telescope Axial 
Replacement (COSTAR), it would aim 
to put right the slightly misshapen 
primary mirror that was distorting 
Hubble's view. Hoffman and one of his 
colleagues, Story Musgrave, made the 
longest of the space walks during the 
mission, spending seven hours and 
21 minutes outside of the spacecraft. 
But the hard work paid off. Despite 
widespread doubts, the mission 
(which included other repairs such 
as replacing two solar panels) was a 
huge success and Hubble began to 


Professor Jeffrey A Hoffman 
wrote An Astronaut's Diary 
in 1986, after transcribing 
the personal audio tapes 
that were recorded in the 


lead up to and during his 
first space flight 





send back crystal clear images. “Our 
mission was the most ambitious repair 
mission ever planned by NASA,” he 
reflected in early 2015, when Hubble 
was celebrating 25 years in space. 
During 1996 Hoffman made his 
final space flight where he worked 
on Extravehicular Activity (EVA). His 
duties included the development and 
testing of a high-pressure spacesuit, 
as well as testing of new designs and 
procedures in the assembly of the 
International Space Station. It was 
during this mission - STS-75 - that 
Hoffman logged 1,000 hours aboard 
the Space Shuttle. He would log more 
than 1,211 hours in space overall, 
having journeyed a total of 34.6 
million kilometres (21.5 million miles). 
Hoffman left the astronaut program 
in 1997 and became NASA's European 
representative in Paris. In 2001, he was 
seconded by NASA to MIT where he 
became a lecturer for the Department 
of Aeronautics and Astronautics. In 
2002 he became Professor of the 
Practice of the same department. 
Six years later he also became a 
visiting professor at the Department 
of Physics and Astronomy at the 
University of Leicester in the UK, 
where he conducted his post-doctoral 
work. Highly respected and revered 
among his peers, Professor Hoffman 
was inducted into the United States 
Astronaut Hall of Fame in 2007. @ 
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START © 
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POLARIS TELE 
THE UNIVERSE Al 


Everything you Need in One Box 
Get set up and started with astronomy in minutes. 


Equatorial Mounts, Finderscopes 


and Slow Motion Controls 
Allow smooth, straightforward tracking of objects as they 
move across the night sky. 


Share your Discoveries with Others 
Large apertures ensure bright, detailed viewing of the 
moon, planets and deep space - perfect for capturing on 
camera! 
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Visionary 
Good optics and excellent value for money. 
Classic styling with rubber armour. 


Visionary 
Good optics and excellent value for money. 
Classic styling with rubber armour. 





Kepler 


A strong and sturdy binocular - excellent value. 
Great tool for viewing the night sky at a great price. 


Ostara 


BAK 4 prisms, fully multi coated, waterproof 
and nitrogen filled. 


Olivon 


Great quality IF focus system binoculars. Rubber 
armoured, waterproof, BAK4 optics, shock resistant. 
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Stockists of 


OSTARA 


Visionary “orivon 


KEPLER) || OPTIK 


LOW PRICES 


we'll match any genuine web price! 


Visionary 


























3" starter telescope 
complete with finderscope. 
table base and eyepieces 


Visionary 








80mm objective refracting t 
Sets up in minutes and reall 
use. This is a great starter telescope 
yet has all the features to grow with 
your hobby. 






Visionary 


4.5" mirror reflecting telescope with 
full astronomical equatorial mount 

takes just a short time to set up and 
use. Great for the beginner wishing 
to learn all the basics of astronomy. 


Visionary 


6" mirror reflecting telescope 























et Herel Ostara Crystal moon filter 1.25" £9.99 Lebar Sepa hore tee 
oss! Smm__( 1.25"), 14.99 Ostara Crystal moon filter 2° £19.99 jade hore aerousiy: ippiod 
Plossl 10mm (1.25")omnnon-£14.99 Ostara O-II filter 1.25" £49.99 Somplote wih tll Size Wood and 
Ploss! |Smm (1.25) £14.99 Ostara O-111 filter 2” £59.99 EQ2 mount, side finder scope , 
Plossl! 20mm (1.25") £14.99 Ostara 2x achro barlow.... £34.99 and two eyepieces 
Ploss! 25mm (1.25") £17.99 Ostara 3x achro barlow £39.99 
Ploss! 30mm (1.25”) £1799 Ostara 45 degree 1.25" £29.99 
Ploss| 40mm (1.25”) £19.99 Ostara 90 degree 1.25” £29.99 
Super Wide angle 10mm (1.25") £39.99 Geta = £99.99 ee 
Super Wide angle 20mm (1.25") £44.99 Vv y 
FF 8mm (1.25") £49.99 £99.99 \. Isio nar 
FF 12mm (1.25") £49.99 aikional styled ba 
FF 19mm (1.25") £4999 EYESHIELDS cic comfortably around the eyes blocking out iva path 
FF 27mm (1.25") £49.99. all distr ght and wid erwalo eyes in total darkness and Long eye rebel 2 body a 
SWA 26mm (2") £79.99 © comfort. It's a" WOW!" experience 
SWA 32mm (2") £79.99 Eyeshield Single for scopes and astro eyepieces £14.99 ak pee webdee 
SWA 38mm (2”) £79.99 Eyeshield pair for compact binoculars £19.99 HD 750 £79.99 
Os a 7p fier sen. Eyeshield pair —_for larger binoculars £19.99 HD 10x50. £79.99 

- Many more filters and accessories HD 12x60....€89.99 

We stock T2 mounts ,, stock, great prices! HD 15x70....£99.99 


fell) view 
in@cular 
utletcouk 


ry 


www.binocularoutlet.co.uk 


Objective Optics 


Bnoculars Telescopes, Astronomy 


www.objectiveoptics.co.uk 


Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. 
www.clearviewbinoculars.co.uk Callers very welcome, please check website for opening times. 


Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK: 


Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwilheli, Gwynedd LL53 5DE 






HD 20x80 £149.99 
HD 20x80T £249.99 





% 
HUGE RANGE 


of eyepieces and 
accessories 


The Far-Sighted binocular company 
is a group of independent specialist 
optical goods suppliers. For more 
information please visit 

www far-sighted.co.uk 


Offers are subject to availability and 
at participating outlets only. Prices 


JM Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co.uk 


Callers very welcome - by appointment only, call to arrange your visit. 


oni 


VA bg 


SURPLUS STORE 


The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 SN 
www.thearmysurplusstore.co.uk 





and specifications are subject to 
change without notice. 


